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ABSTRACT 
 
Jennifer King: Variation in the structure and performance of Community Care of North Carolina 
(Under the direction of Thomas C. Ricketts, PhD) 
 
Current models of health care delivery system reform place high expectations on primary care 
practices to drive improvements in the U.S. medical care system.  There are concerns that not all practices 
are equipped to meet these expectations, especially given the wide variation in structural attributes of 
practices across the country.  In response to these concerns, local community networks have been 
proposed to help diverse practices implement new models of care.  Community Care of North Carolina 
(CCNC), a statewide program of 14 community-based care networks for Medicaid enrollees, is often cited 
as a successful example of this approach.   
This dissertation studied the extent of variation in health care quality and utilization within CCNC 
and examined whether traditional associations between practice attributes and performance were present 
in this mature community network program.  Performance was measured by four process and five 
utilization measures for two patient populations -- adults with diabetes and children with acute asthma -- 
using Medicaid claims from 2008.  Key practice attributes included organization type, size, affiliation 
with a major health system, number of CCNC patients, and length of CCNC experience.   
There was systematic variation in performance between practices within the CCNC program.  
Bringing all practices up to the level of performance at the best practices would result in meaningful gains 
in overall performance.   
Practice attributes commonly cited as barriers to performance played a modest role in explaining 
this variation.  For example, larger practice size was associated with better performance on three of nine 
 iv 
 
measures, one process and two utilization measures.  The impact of practice size on utilization was 
strongest among practices with relatively little CCNC experience; that is, the modest association between 
practice size and performance was moderated by length of CCNC experience.     
Findings from this dissertation suggest local community network infrastructures may be a viable 
policy option for mitigating the impact of certain practice structural attributes on primary care 
performance.  Yet, within one such program, performance continued to vary between practices and there 
was room for improvement in performance overall.  Identifying factors driving variation and 
implementing interventions to improve performance are important areas for future research and 
policymaking. 
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CHAPTER 1. INTRODUCTION AND STUDY OVERVIEW 
 
Introduction 
The central role of primary care practices in delivery system reform 
The U.S. medical care system often fails to deliver high quality, coordinated care.  Problems with 
underuse of recommended care, overuse of high-risk procedures or other supply-sensitive services, and 
medical errors that lead to avoidable complications are well documented 
1
.  These issues are particularly 
problematic for individuals with chronic illnesses. Many patients with chronic conditions receive more 
care than is medically beneficial or preferred by patients 
2
.  On the other hand, patients with chronic 
conditions often fail to receive potentially beneficial care nearly half of the time 
3
.  One major driver of 
these problems is the lack of coordination across health care settings and other community resources 
4, 5
, 
something that is especially important for patients from disadvantaged socioeconomic groups. 
Hopes for addressing these issues have coalesced around delivery system reform proposals that 
feature a central role for primary care practices.  The most prominent example, the patient centered 
medical home, envisions primary care practices as highly accessible loci of care actively coordinating 
with specialty care providers and other community resources to meet patient needs.  The notion that a 
strong primary care delivery system should form the backbone of health care delivery system reforms in 
the U.S. is not new.  For example, concepts like the Chronic Care Model have focused on improving 
access, quality, and coordination at primary care practices for the past several decades; to some extent, the 
medical home concept is a rebranding of a long history of these types of practice redesign efforts 
6
.  Yet, 
today there is perhaps unprecedented focus on the potential roles of primary care practices in a reformed 
delivery system.    
 2 
 
While the general principles of these models have wide support, there are concerns about whether 
all primary care practices are equipped to play such sweeping roles, with particular concerns for the small, 
independent practices in which the majority of primary care physicians currently work.
7, 8
  This hesitation 
is supported by decades of empirical health services research on variations in health care access, quality, 
outcomes, and cost as well as the conceptual work that underpins much of this research.  Discussed in 
detail in Chapter 2, existing empirical and conceptual work highlights that factors at multiple levels 
influence health care access, quality, and resource use, and that practices experience different levels of 
performance according to attributes such as size, affiliation, payer mix, local supply of medical resources, 
and community socioeconomic characteristics. 
Community care networks 
Local networks or “community care teams” have been proposed to support diverse practices in 
overcoming traditional barriers and successfully implementing new models of care delivery.
9-11
  
Proponents have described these ideas in general terms as community-based teams that would: provide 
small, local primary care practices with access to case managers, social workers, and other public health 
professionals; connect primary care practices and patients to existing community resources and social 
supports; and assist primary care practices in quality improvement initiatives.
10
  Such local networks or 
community teams could be one component of the medical or health “neighborhoods” that many 
stakeholders consider critical to realizing improvements to the primary care delivery system.
12, 13
   
Community Care of North Carolina (CCNC) is often cited as one example of this approach that has 
been successfully implemented.
9, 10, 14, 15, 15, 16
  CCNC is a statewide Medicaid “enhanced” primary care 
case management program. Initiated as several pilot networks in 1998, the program has evolved and 
expanded over the subsequent decade and as of 2011 operates statewide in about 1400 primary care 
practices.  CCNC encompasses a wide range of activities, with a focus on three primary components: (1) 
the creation of an explicit link between each Medicaid enrollee and a primary care practice; (2) disease-
specific quality improvement initiatives targeted to primary care practices; and (3) case management 
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services for enrollees with specific chronic conditions and other high cost or high risk populations.  These 
activities are expected to lead to improved access to primary care, improved adherence to guideline 
recommended care for targeted chronic conditions, reduced use of emergency and inpatient care, and 
reduced Medicaid costs (Figure 1.1).  CCNC monitors performance through reviews of claims data and 
annual chart audits. 
Within broad parameters set at the state level, 14 regional networks implement most program 
activities.  These networks are non-profit entities whose members include participating primary care 
practices, local hospitals, local public health departments, county social services offices, and potentially 
other community-based organizations.  Provider participation in the CCNC networks is voluntary; 
participating providers receive enhanced monthly payments from the Medicaid program for each enrollee 
that is linked to the practice.  In each network, a physician committee provides clinical guidance for the 
implementation of statewide quality improvement initiatives and may develop additional initiatives or 
pilot programs to address local priorities.  The networks employ case managers who interact with 
enrollees and primary care providers to coordinate care, provide enrollee self-management education and 
support, and link enrollees and providers to community resources.  The networks are widely thought to 
enhance program effectiveness by adapting the program to local contexts and capitalizing on and 
strengthening relationships between network members. 
There is evidence that CCNC improved some measures of access, quality, and cost in the early 
stages of the program.  One study compared health care utilization and spending among CCNC enrollees 
with asthma or diabetes over the three-year period from 2000 to 2002 to their counterparts in Carolina 
Access (Carolina Access enrollees are linked with a primary care practice and receive primary care case 
management services but their primary care practice has elected to not join a CCNC network).
17
  CCNC 
enrollees had lower per member month expenditures than Carolina Access enrollees.  Per member month 
expenditures and rates of hospitalization and emergency room use were lower in CCNC than Carolina 
Access throughout the study period.  Rates of hospitalization and emergency room use generally declined 
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over the study period for both CCNC and Carolina Access, with greater declines among CCNC enrollees 
on some measures and greater declines among Carolina Access enrollees on other measures.   
Another study examined the effect of CCNC on utilization and expenditures for children with 
asthma in one of the CCNC networks, using claims data from 1998 and 2001 and comparing children in 
one CCNC network to children statewide who were in Carolina Access or fee-for-service Medicaid.
18
  
After statistically adjusting for enrollee selection into the programs, relative to fee-for-service, CCNC and 
Carolina Access were associated with substantial reductions in emergency department and hospital use 
and substantial increases in use of asthma maintenance medications.  The gains associated with CCNC 
were greater than those associated with Carolina Access.  However, the study did not find evidence of 
cost savings: total spending per enrollee increased in CCNC and Carolina Access relative to fee-for-
services, while spending for claims with an asthma diagnosis only were the same in all three programs.   
These studies along with internal performance tracking by the CCNC program and substantial 
anecdotal evidence support the widespread view that CCNC has been successful in achieving at least 
some program goals. 
Beyond this early evidence regarding CCNC, however, there is limited information about the 
effectiveness of using community-based networks to support diverse primary care practices in delivering 
high quality and efficient primary care.  To some extent, the approach is being tested elsewhere.  For 
example, three communities in Vermont are testing a medical home program that uses interdisciplinary 
“community care teams” to support physician practices and link patients to community resources as part 
of the state‟s Blueprint for Health reforms.19  The three pilots began in July 2008, October 2008, and 
January 2010, and they had enrolled about 60,000 patients by March 2011.
20
  In early qualitative studies, 
providers reported that the community care teams improved their abilities to respond to patients‟ clinical 
and nonclinical needs, and quantitative analyses found that hospital and emergency room use and 
associated costs decreased since the pilots had been operating.
20
  Additional demonstrations of the 
community care network concept are likely to increase under the 2010 Patient Protection and Affordable 
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Care Act.
21
  Nonetheless, to date, there is little empirical evidence on how these community network 
approaches may work if implemented beyond pilot stages across a wide range of practice settings.   
CCNC presents a rich opportunity to expand knowledge of how mature community care network 
programs may work across diverse practice settings.  To date there has been no comprehensive 
description of the primary care practices that participate in CCNC.  Moreover, there has been little study 
of whether CCNC performance varies systematically within the program according to practice or network 
characteristics.  One of the early studies found substantial variation in per member month expenditures 
among counties with large numbers of asthma and diabetes patients, but did not examine potential reasons 
for this variation.
17
  Understanding the extent and drivers of variation in CCNC performance in the 
program‟s more established stages would provide valuable insight on the potential for similar community 
care network programs to support diverse practices in achieving delivery system improvements.     
Study overview 
This dissertation examines the structure and performance of CCNC networks and participating 
practices.  To measure CCNC performance, I focused on process of care quality measures and potentially 
preventable utilization for two patient populations, children with acute asthma and adults with diabetes.  
These conditions are highly prevalent and they have been the target of CCNC‟s flagship disease 
management initiatives.  Chapter 2 reviews the empirical literature on the relationships between factors at 
multiple levels and primary care performance and details the conceptual framework and hypotheses tested 
in this study.  Chapter 3 describes the data sources and measures used in the analyses, and Chapter 4 
describes the characteristics of CCNC networks, practices, and the patient analysis populations.  In 
Chapter 5, I analyze variation in CCNC performance between and within CCNC networks and examine 
the extent to which differences in patient, practice, community and network characteristics explain this 
variation.  Chapter 6 tests hypotheses about the associations between CCNC performance and specific 
practice characteristics that traditionally have been related to primary care performance.  Implications of 
results are discussed in each chapter, and overarching conclusions are summarized in Chapter 7. 
  
CHAPTER 2. LITERATURE REVIEW, CONCEPTUAL FRAMEWORK, AND HYPOTHESES 
 
Conceptual and empirical literature 
Concerns about the ability of all primary care practices to successfully implement new models of 
care are supported by decades of empirical health services research on variations in health care access, 
quality, outcomes, and cost as well as the conceptual work that underpins much of this research. 
Numerous conceptual models seek to explain the determinants of health system performance; two 
of the most influential are Andersen‟s behavioral model of access to care and Donabedian‟s model of 
health care quality.  Several related streams of research have used Andersen‟s model of access to care to 
study the relationship between patient characteristics (categorized as predisposing factors, enabling 
factors, and need) and access to and utilization of health care services.
22
  Andersen gradually expanded 
his original model to address the importance of community and health system characteristics in 
explaining variation in health care access and utilization.  Later iterations of the model also addressed the 
effectiveness and efficiency of health care utilization as measured by health status and patient 
satisfaction.
23
  Donabedian‟s model of health care quality has guided researchers in assessing the 
relationship between structural attributes of medical care organizations and health care processes and 
outcomes.
24
  In this model, structure is viewed as the physical and organizational characteristics of the 
settings in which medical care is delivered that influence the ability to provide high quality care processes 
and achieve desired outcomes.        
Other more applied models, such as the Chronic Care Model, further emphasize that factors at the 
individual, community, and health system levels interact to influence health care access, utilization, and 
quality.
25
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Drawing on these models, the conceptual framework below illustrates the interrelated factors that 
may influence the performance of primary care practices (Figure 2.1).  An individual patient experiences 
processes and outcomes of health care; as such, patient-level factors should play an important role in the 
care received and its outcomes.  These health care processes occur in the primary care practice, and both 
processes and their outcomes likely are affected by practice-level factors, including structural attributes.  
Finally, patients and primary care practices are situated within a broader community context that can 
influence the structure and activities of primary care practices along with the patient-level outcomes of 
health care utilization.   
There is substantial empirical evidence that factors at the practice, community, and patient levels 
contribute to variation in health system performance. 
Practice characteristics 
 Past empirical research has examined the relationship between structural attributes of physician 
practices and their ability to provide and coordinate high quality care; in particular, practice size and 
affiliation have been studied extensively and in general are thought to be positive attributes.
26
   
Many studies have focused on the relationship between practice size and affiliation and other 
structural aspects of health care quality.  Most recently, a handful of studies have examined the extent to 
which primary care practices have the infrastructure in place to serve as patient-centered medical homes, 
concluding that small independent practices are less likely to have this infrastructure than larger practices 
or those affiliated with a larger organization.
27-30
{{}}  More generally, other studies have found positive 
associations between medical group size and participation in quality improvement activities,
31, 32
 use of 
care management processes,
33
 and the likelihood of offering health promotion and smoking cessation 
programs.
34, 35
   
Other studies have examined the relationship between practice size and health care processes and 
outcomes.  For example, in a sample of commercially insured patients in California, medical group size 
was positively associated with patient experience ratings on physician communication, access to care, 
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care coordination, and office staff interactions.
36
  Among Medicare patients nationally, those treated by 
physicians in groups of three or less were less likely to receive certain recommended preventive services 
than those treated by physicians in larger groups.
37
  And among Medicare patients with acute myocardial 
infarction, those treated by physicians in groups of ten or more were more likely to receive recommended 
care and less likely to die than those treated by physicians from smaller practices, with especially 
pronounced differences between solo and non-solo practitioners.
38
  However, the evidence is not entirely 
consistent: studies failed to find consistent or statistically significant relationships between practice size 
and preventive care measures in California
39
 or HEDIS quality measures in Massachusetts.
40
 
There are particular concerns about the structural characteristics of practices that serve large 
numbers of Medicaid patients.  Nationally, care for Medicaid patients is becoming increasingly 
concentrated among a subset of providers.
41
  Research using data on Medicare patients has found the 
share of a practice‟s revenue derived from Medicaid to be negatively associated with receipt of certain 
recommended preventive services
37
 and positively associated with ambulatory care sensitive 
hospitalizations for bacterial pneumonia and chronic obstructive pulmonary disease.
42
  Studies of 
determinants of racial disparities have found that physicians treating higher proportions of minority 
patients derived higher shares of their revenue from Medicaid and were more likely to report difficulty 
providing high-quality care for all of the their patients, obtaining referrals to necessary ancillary or 
specialty services, and receiving timely patient reports from specialists.
43, 44
  On the other hand, one study 
of medical groups in California that had at least one contract with a Medicaid managed care plan found a 
positive association between a practice‟s level of Medicaid managed care involvement and the likelihood 
of using care management processes related to asthma, diabetes, and prevention.
45
  These studies support 
concerns that practices serving large numbers of Medicaid patients may face barriers to providing high 
quality care, but also suggest that, in one state at least, involvement with Medicaid managed care may be 
associated with the use of processes aimed to provide high quality of care around specific chronic 
conditions.  
 9 
 
Some health care leaders have voiced concerns about barriers facing small practices that serve 
Medicaid patients in particular.  In 2005, about 40% of total Medicaid revenue earned by physicians 
nationally went to physicians in solo or small group practices.
41
  A four state study designed to assist 
states in implementing Medicaid quality improvement interventions found somewhat varied relationships 
between practice size and selected performance measures for Medicaid patients.  Measures of access to 
care for children tended to be better in smaller practices, while receipt of recommended care (specifically, 
A1c testing for diabetes patients and appropriate asthma medication use) tended to be better in larger 
practices.
46
 
With some exceptions, existing research supports concerns that small, independent practices and 
practices serving high numbers of Medicaid patients may face barriers to providing and coordinating high 
quality care. 
Community characteristics  
A related stream of health services research has highlighted that community characteristics also 
contribute to variation in health system performance and patient outcomes.     
There is substantial geographic variation in health system performance as measured by resource 
use, quality indicators, and health outcomes.  Wennberg‟s seminal work in the 1970s demonstrated 
substantial small area variation in physician practice patterns.
47
  Over the subsequent decades, the 
Dartmouth Atlas of Health Care and others have continued to explore geographic differences in care, 
documenting that areas of high resource use generally do not experience any discernable benefit in terms 
of quality of care or outcomes (for example see the work of Fisher and colleagues (2003)
48, 49
).  This 
research has largely been based on the hypothesis of supplier-induced demand for medical care, 
emphasizing that supply and makeup of health care resources are key to explaining differences in health 
system performance.   
Other work points out that the important relationship between social factors and health may be an 
underlying driver of variation in health care utilization, quality, and outcomes.  For example, an analysis 
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of small area variation in ambulatory care sensitive hospitalization in North Carolina found that social 
factors like area-level income were predictors of hospitalization rates while primary care provider supply 
was not.
50
  Many studies using individual-level data have demonstrated associations between community-
level socioeconomic factors such as insurance coverage rates, unemployment, and income and a wide 
range of health care related outcomes, including: several measures of access to care,
51, 52
 patients‟ trust in 
physicians,
51
 satisfaction with care,
36, 51
 receipt of guideline-recommended mammography,
53
 early stage 
breast cancer diagnosis,
54
 and use of preventive dental care.
55
  This work suggests at least two causal 
mechanisms to explain the relationship between community factors and health system performance: (a) 
health care resources in lower socioeconomic status communities are stretched thin because of a relatively 
poor payer mix and (b) lower socioeconomic status communities tend to have higher disease burden and 
higher levels of health care needs, putting strain on local health care systems.  
Relative importance of characteristics at different levels  
Given the conceptual and empirical knowledge that factors at multiple levels affect health system 
performance, researchers have employed techniques such as multilevel or hierarchical regression models 
to quantify variation in performance and to shed light on the relative importance of different levels in 
explaining this variation.   
Fung and colleagues recently conducted a comprehensive review of 39 studies that examined and 
partitioned variation in health system performance across two or more nested levels.
56
  One common 
finding across almost all studies was that most variation in performance is often attributable to the 
individual patient level.  Several studies were particularly relevant to this study.  For example a handful of 
studies have examined variation in diabetes care and outcomes across various levels (specifically: the 
physician level only; physician and provider group levels; physician and facility levels; and physician, 
provider group, and facility levels).
57-62
  Across different settings and using various process and outcome 
measures, the share of variation in performance attributable to the physician level ranged from less than 
1% to 19%, the share attributable to the provider group level ranged from 0% to 3%, and the share 
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attributable to the facility level ranged from 1% to 18%.  Another study examined variation in asthma 
care across 20 physician groups in California, finding that the physician group was responsible for 3-10% 
of variation in process of care measures, 1-6% in outcome measures, and 10% in patient satisfaction.
63
 
Studies such as these that describe the relative distribution of variation in performance across 
multiple levels of the health system can be useful in designing and monitoring quality improvement 
interventions.  For example, understanding whether performance varies between groups at a certain level 
more than would be expected based on chance is an important component of determining whether that 
level represents a meaningful intervention target.
64, 65
  Beyond statistical significance and proportions of 
variation at different levels, however, it is important to quantify variation in clinically- or policy-relevant 
terms.  Low relative variability at a certain level does not necessarily equate to low variability in absolute 
terms or low potential for improvement.
66
    
Taken together, previously published studies examining components of variation have 
demonstrated that statistically significant variation in performance exists across multiple levels of the 
health system and that the majority of variation in performance can usually be attributed to the individual 
patient level.  This body of work provides useful guidance for quantifying and explaining variation in 
performance within CCNC.     
Variation in network effectiveness  
As described in Chapter 1, community care networks have been proposed as one solution to 
support different types of practices in overcoming traditional barriers to performance, and CCNC is often 
cited as a successful example of such an approach.  The 14 CCNC networks historically have had 
considerable flexibility in their organizational structure and activities.  Differences in network structural 
attributes and activities may influence CCNC performance in at least two main ways.   
First, some networks may be more successful than others in engaging local primary care providers 
and influencing them to adopt CCNC practice guidelines. CCNC networks are a relatively unique type of 
organization; they share some features with safety net managed care organizations, community health 
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partnerships, and quality improvement collaboratives, but do not fit any one of those models completely.  
Nonetheless, literature on these types of networks provide some guidance for characteristics that may 
influence how successful CCNC networks are in achieving program goals, including: network 
composition and heterogeneity; range of network initiatives; financial resources; history of collaboration 
among network members; and processes to hold members accountable for performance.
67-69
   
Second, the case management approaches used by some networks may be more successful than 
others.  Lessons from the Medicare care coordination demonstration point to features of case management 
programs that may be important in explaining variations in CCNC performance, including: frequency of 
in-person contact with patients; level of interaction between case managers and primary care physicians; 
access to timely information on hospital and emergency room admissions; and staffing issues like case 
load per case manager and case manager credentials (e.g., nurse or social worker).
70, 71
 
Anecdotally, the 14 CCNC networks differ substantially on many of these dimensions; however 
these network characteristics have not been systematically documented and their relationships with 
CCNC performance have not been studied.  
In sum, the set of conceptual and empirical literature reviewed here highlights that factors at 
multiple levels influence health care access, quality, and resource use, and that practices experience 
different levels of performance according to attributes such as size, affiliation, payer mix, local supply of 
medical resources, and community socioeconomic characteristics.  Although previous studies suggest that 
CCNC patients experienced better quality and utilization outcomes than other Medicaid patients during 
the early stages of the program, little is known about the extent of variation in performance within CCNC 
in its more mature stages and whether traditional relationships between practice and community 
characteristics exist within the program.  This study tests several hypotheses about the extent and drivers 
of variation in CCNC performance. 
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Conceptual framework and hypotheses 
A combination of the general conceptual framework (Figure 2.1) and the CCNC logic model 
(Figure 1.1) provides the conceptual framework for this study (Figure 2.2).   
Consistent with the design of the CCNC program, the two levels of primary interest in this study 
are the network and practice levels.  The primary CCNC activities are coordinated and implemented by 
the 14 CCNC networks, and the networks are thought to differ in ways that influence the success of these 
activities.  Therefore, I hypothesize that: 
H1 Variation in CCNC performance between networks is greater than would be expected based 
on chance alone. 
 
The primary CCNC activities target care processes and outcomes that take place (or fail to take 
place) in the primary care practice.  There is a formal link between each CCNC patient and his or her 
primary care practice, the practice is responsible for managing and authorizing care that patients seek 
from other providers, and CCNC quality improvement interventions are targeted to the practice level.
1
  
Given the central role of the primary care practice to the CCNC intervention and empirical evidence that 
primary care performance varies between practices, I hypothesize that: 
H2 Variation in CCNC performance between practices within networks is greater than would be 
expected based on chance alone. 
 
Further, several hypotheses emerge from the body of empirical evidence on the relationship 
between specific attributes of primary care practices and primary care performance.  Four practice 
characteristics are of primary interest in this study: size, affiliation, scale of the CCNC intervention, and 
CCNC experience.  Regarding practice size and affiliation, I hypothesize: 
H3 Practice size is positively associated with performance. 
 
                                                     
1
 Although variance components studies have shown that the individual provider can be an important source 
of variation in primary care performance, this study focuses on the primary care practice as a unit of interest rather 
than individual health care practitioners.  With few exceptions, CCNC providers join the program as a practice (as 
detailed in Appendix 1).  Other primary care delivery system reform models also emphasize the practice as the unit 
of interest.  For example, various models envision changes that would be implemented at the practice level, such as: 
streamlined processes for scheduling patients; team-based care; group visits; information technology systems; and 
care management processes such as disease registries and patient reminders.
82
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H4 Health system affiliation is positively associated with performance.   
 
At first glance, it would be reasonable to expect that the scale of the CCNC intervention at a 
practice (i.e., the number of CCNC patients for which a practice is responsible) is positively related to 
program performance.  If a practice has a small number of CCNC patients, the practice may not consider 
it worthwhile to fully engage with the CCNC program, and CCNC practice guidelines and other 
initiatives will likely have less influence over patterns of care at the practice.  Moreover, practices receive 
a monthly case management fee for each enrolled patient--to the extent that practices invest this money in 
case management and quality improvement, the number of CCNC patients at the practice should have a 
positive relationship with performance.  However, existing research suggests that practices that serve very 
high number of Medicaid patients can face barriers to providing high quality care.  Therefore, I 
hypothesize that the relationship between the scale of the CCNC intervention at the practice (that is, the 
number of CCNC patients for which the practice is responsible) and performance is more complex:  
H5 CCNC scale has a non-monotonic relationship with performance, with a positive association 
that becomes negative as scale increases.  
 
I also hypothesize that as practices gain more CCNC experience their performance will improve.  
Moreover, if CCNC‟s community-based network approach effectively assists diverse primary care 
practices in overcoming traditional barriers to providing high quality care, I expect CCNC experience will 
moderate the differences in performance between different types of practices.  For example, previous 
research in other settings suggests that practice size is positively associated with structural capabilities 
necessary to provide high quality care and that patients at smaller practices experience worse outcomes 
for some types of care.  By facilitating quality improvement initiatives and providing case management 
and other resources at the community level, the CCNC networks are designed to address this disparity in 
structural resources.  Therefore, I hypothesize that:   
H6 CCNC experience has a positive relationship with performance.  
 
H7 CCNC experience moderates the association between practice size and affiliation and 
performance.  
  
CHAPTER 3. DATA AND MEASURES 
 
This study utilized a new data set that linked information on CCNC networks and practices with 
patient-level data on health care quality and utilization.  Mirroring the nature of the CCNC program, with 
patients nested in practices nested in CCNC networks, the data had a hierarchical structure.  I compiled 
information on CCNC networks and practices using administrative data from the CCNC program and 
physician licensure data from the North Carolina Medical Board.  Patient level performance measures 
were derived from Medicaid claims.  Additional county-level data to describe the communities in which 
CCNC practices were located were obtained from the Area Resource File and state licensure data.  All 
data were from calendar year 2008. 
Data  
Patient data  
Patient-level data were from Medicaid administrative claims.  Analyses were conducted on two 
patient populations: children with acute asthma and adults with diabetes.  I restricted the asthma 
population to children and the diabetes population to adults in order to focus on relatively homogenous 
patient populations and because these patient populations have been the primary targets of their respective 
CCNC initiatives.  Individuals were included in the analysis if they were enrolled in CCNC for at least 10 
months during the year and were enrolled with the same primary care practice throughout that entire 
period.  Individuals 65 years of age or older and individuals dually eligible for Medicare and Medicaid 
were excluded from the analysis. 
Individuals were identified as having diabetes or asthma based on the National Voluntary 
Consensus Standards for Ambulatory Care specifications.
72
  Individuals were identified as having 
diabetes if they met any of the following criteria during the year: at least one hospitalization or emergency 
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room visit with a primary diagnosis of diabetes, at least two outpatient visits with any diabetes diagnosis, 
or at least one insulin or oral hypogylcemics/antihyperglycemics prescription dispensing event.  
Individuals were identified as having acute asthma if they met any of the following criteria during the 
year: at least one hospitalization or emergency room visit with a primary diagnosis of asthma, at least four 
outpatient visits with any asthma diagnosis and at least two asthma medication dispensing events, or at 
least four asthma medication dispensing events.  Patients with chronic obstructive pulmonary disease or 
emphysema (identified by at least one emergency room visit or hospitalization or two outpatient visits 
with the relevant diagnoses) were excluded from the asthma population. 
Practice data 
Data on practices participating in CCNC were derived from two main sources: administrative 
licensure data on all active primary care physicians in the state and administrative information on all 
entities enrolled as CCNC practices.   
NC primary care practices To quantify and characterize primary care practices in the state, I used 
physician licensure data from the North Carolina Health Professions Data System.  The North Carolina 
Health Professions Data System is maintained by the Cecil G. Sheps Center for Health Services Research 
at the University of North Carolina at Chapel Hill in partnership with the North Carolina Medical Board.  
The Medical Board annually provides files to the Sheps Center containing information on all licensed 
physicians in the state.  North Carolina law requires that physicians hold an active license to practice in 
the state, and physicians are required to renew their licenses annually.  Therefore, the Health Professions 
Data System contains records on the universe of physicians practicing in the state.  Information on 
specialty, practice characteristics, and demographic characteristics are self-reported by physicians when 
they apply for a new license and are updated when physicians apply for renewal.   
I used physicians‟ self-reported business location to group primary care physicians into practice 
sites. I began by selecting all physicians with a primary specialty of family medicine, general practice, 
internal medicine, pediatrics, or obstetrics/gynecology (N=8,346).  Geocoding software (MapMarker Plus 
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12.3, MapInfo Corporation) was used to obtain the latitude and longitude of the street address, city, and 
zip code each physician reported as his or her business location.  I grouped physicians according to their 
latitude and longitude coordinates and verified that these latitude-longitude groupings represented distinct 
practice sites.
2
  I used information from health plan directories and web searches to flag practice sites that 
were part of the same larger practice organization and flag practice sites that were affiliated with a major 
hospital system.   
This process resulted in allocating the 8,346 primary care physicians in North Carolina in 2008 into 
a) one of 2,710 community-based practice sites, b) hospital-based practice, or c) another location type.  
These results are described in more detail in Appendix 1. 
CCNC practices I obtained an administrative list of all entities that were enrolled as CCNC 
practices.  This administrative list contained: practice name, address, CCNC network, date the practice 
enrolled in CCNC, and practice type/specialty.   
To understand the extent to which the denominator of North Carolina primary care practices were 
participating in CCNC and to describe characteristics of primary care physicians at CCNC practices, I 
merged this file of CCNC practices with the file of all sites reported as primary practice locations by NC 
primary care providers.  The file of CCNC practices was geocoded and merged with information on 
physicians at the practice site based on latitude and longitude.  The merged file was verified by hand to 
ensure all matches were correct.  There were some entities that appeared in the list of CCNC practices but 
did not appear as the business location of a primary care physician in the Health Professions Data System; 
I investigated these cases to determine whether they were satellite sites of practices that did appear in the 
Health Professions Data System.  The results of this match are described in detail in Appendix 1. 
                                                     
2
 For example, it would be possible for multiple primary care practices to appear at the same latitude and longitude if 
these practices occupied different suites in a large medical office building.  To verify that the groupings based on 
latitude and longitude represented distinct practice sites, I used an automated process that took into account self-
reported suite number and telephone number and followed this by manually verifying all groupings.     
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County data  
 I obtained county-level information on socioeconomic and health system characteristics from the 
2009 Area Resource File.  County-level information on physician supply and specialty was obtained from 
the North Carolina Health Professions Data System. 
Network data 
I obtained information on characteristics of the 14 CCNC networks from publicly available 
descriptions of the CCNC program.  I also characterized the networks using aggregations of lower-level 
data on the practices and patients within the network.   
Measures 
Patient-level measures 
Performance measures The dependent variables measured CCNC performance in two areas: 
receipt of recommended care for diabetes and potentially preventable utilization of care for diabetes and 
asthma.  Receipt of recommended care measures were indicators for whether patients with diabetes 
received the following recommended care during the year: Hemoglobin A1c test, low-density lipoprotein 
cholesterol test, eye exam, and attention to nephropathy.  These measures are used to track performance 
by the CCNC program and are endorsed by the National Quality Forum
72
.  Measures of potentially 
preventable utilization of care for diabetes patients were the number of emergency room visits and 
inpatient hospitalizations with a primary diagnosis of diabetes during the year.  For asthma patients, 
measures of potentially preventable utilization of care were the number of emergency room visits and 
inpatient hospitalizations with a primary diagnosis of asthma and an indicator for overuse of rescue 
medication (defined as more than five beta agonist prescription fills within a 90 day period).  A priori, it 
was of interest to examine levels of utilization for the emergency room use and hospitalization measures.  
However, the vast majority of patients had values of zero for these measures, with a small portion having 
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values of one and a very small portion having values greater than one.
3
  Therefore, I modeled these 
measures as dichotomous variables indicating any emergency room use or inpatient hospitalization 
(hospital use) during the year. 
  Other patient characteristics I obtained information on patient age and gender from the 
Medicaid enrollment files.   
To measure patients‟ underlying health status, I used an adapted version of the Charlson 
comorbidity index.  The Charlson index was originally derived from inpatient medical records with the 
purpose of predicting one-year mortality after hospitalization.  Deyo and colleagues adapted this index for 
use with administrative inpatient data employing ICD-9 diagnosis codes; Quan and colleagues have 
subsequently refined these coding algorithms.
73, 74
  I used this refined set of ICD-9 codes to identify 
comorbidities in the asthma and diabetes patient populations.  Because relying solely on inpatient data 
may miss information on comorbidities for the vast majority of individuals who do not have a 
hospitalization in a given year,
75
 I took into account claims from inpatient stays as well as emergency 
room visits and outpatient visits in creating the comorbidity index (for outpatient claims, I required the 
diagnosis code to appear for at least two different visits during the year).  In the diabetes-specific analyses 
I excluded the diabetes categories from the index, and I excluded the chronic pulmonary disease category 
(which includes asthma) from the index in the asthma-specific analyses. 
Practice-level measures 
Key independent variables There were five practice characteristics of interest in this study: 
organization type, size, affiliation with major hospital system, CCNC scale, and CCNC experience.  
Organization type was measured in two categories: institutional/specialty practices and 
community-based primary care practices.  The institutional/specialty category included community health 
centers, county public health departments, hospital-based clinics, and non-primary care specialty 
                                                     
3
 Among asthma patients, 2.8% had more than one emergency room visit and 0.3% had more than one 
hospitalization.  Among diabetes patients, 1.4% had more than one emergency room visit and 1.0% had more than 
one hospitalization. 
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practices.  The remaining practices were coded as community-based primary care practices. All of the 
institutional sub-categories are presented in the descriptive statistics in Chapter 4 and in some of the 
multivariate analyses in Chapters 6. 
Community-based primary care practices were further categorized based on size.  I used five 
categories based on the number of primary care physicians at the practice: one, two, three to five, six to 
ten, and 11 or more.  These categories were based partly on distinctions found to be important in previous 
studies (e.g., some previous studies have found an important distinction between solo practitioners and 
practices of other sizes
38
) and partly on visual inspection of natural breaks in the distribution of patients 
across practice sizes.  All categories are presented in the descriptive statistics in Chapter 4.  In the 
multivariate analyses, specification tests showed that it was appropriate to collapse the two physicians and 
three to five physicians categories into one category for practices with two to five physicians.  This 
specification is used for the analyses presented in Chapter 5 and Chapter 6. 
The community-based primary care practices were also characterized as affiliated with a major 
hospital system if they were affiliated with one of the four university health systems or two other major 
hospital systems in the state.
4
 
CCNC scale was measured as the number of unique CCNC patients that the practice was 
responsible for at any point during the year.  I also created measures of CCNC scale calculated as a) the 
total number of CCNC patient-months at the practice and b) the average number of CCNC patients 
enrolled in a month at the practice.  These two alternate measures were very highly correlated with the 
number of unique CCNC patients measure (r=.99) and model fit, measured by Akaike‟s information 
criterion statistic (AIC), was very similar across alternate measures of scale.  The results presented in 
subsequent chapters focus on the number of unique patients the practice was ever responsible for during 
                                                     
4
 The four university health systems were: Duke University Health System, University Health Systems of 
Eastern Carolina, UNC Health Care, and Wake Forest University Baptist Medical Center.  The two other major 
hospital systems were Carolinas HealthCare System and Novant Health.  
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the year.  In the multivariate analyses, I modeled CCNC scale in the quadratic form to allow for a non-
monotonic association between scale and performance.  
CCNC experience was the number of years the practice had been enrolled in CCNC (calculated as 
2008 minus enrollment year), which ranged from zero to ten. For the multivariate analyses, I tested 
alternate specifications of CCNC experience as a spline with knots at two years and five years, as the log 
of years, and as a quadratic.  The AIC from models with alternate specifications were very similar; I 
proceeded with the linear specification for simplicity. 
Other practice characteristics I also created categorical measures of the specialties of the primary 
care physicians at each practice.  To describe CCNC practices in general, I categorized practices as all 
family medicine, all internal medicine, all pediatrics, all obstetrics/gynecology, or a mix of at least two of 
those specialties.  Because the specialties of physicians caring for the pediatric asthma population and 
adult diabetes population differ substantially, I created specialty measures specific to each population for 
the analyses focused on practice characteristics and performance in Chapter 6.  For the pediatric asthma 
population, practices were categorized as: (a) all pediatrics, (b) mix of pediatrics and other primary care 
specialties, (c) no pediatrics but at least one family medicine, and (d) no pediatrics or family medicine 
(i.e., all internal medicine and/or obstetrics/gynecology).  For the adult diabetes population, practices 
were categorized as: (a) all family medicine, (b) all internal medicine, (c) mix of primary care specialties 
including at least one family medicine or internal medicine, and (d) no family medicine or internal 
medicine (i.e., all obstetrics/gynecology and/or pediatrics). 
Finally, I calculated a measure of practices‟ CCNC adoption timing -- that is, how long the practice 
waited to join CCNC after having the opportunity to do so.  This measure was equal to the year CCNC 
entered the practice‟s county subtracted from the year the practice joined CCNC (this measure and the 
rationale behind it is discussed in detail in Chapter 6). 
Unit of analysis for practice characteristics As detailed in Appendix 1 and Chapter 4, about one in 
five CCNC community-based primary care practice sites were part of larger multi-site practices.  For the 
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main analyses, I measured practice size and specialty mix at this larger practice level and measured 
CCNC scale and CCNC experience at the lower practice site level.  In a small number of cases, individual 
physicians at the same practice site were enrolled as CCNC providers individually (see Appendix 1).  For 
the main analyses, I collapsed these individual providers into their practice.  I conducted sensitivity 
analyses with practice characteristics measured at alternate levels, as detailed in Chapter 6.  
Missing data As described in more detail in Appendix 1, some CCNC community-based practice 
sites were not identified as the business location of any primary care physicians in the licensure data.  It 
was not possible to measure practice size or specialty mix for these practices.  These practices were coded 
as “unknown” and included in the descriptive analyses presented in Chapter 4 and in the analyses of 
between-practice variation presented in Chapter 5.  In the analyses of the relationships between specific 
practice characteristics and CCNC performance presented in Chapter 6, I used complete case analysis and 
omitted patients at practices with unknown size and specialty from the analysis (529 patients from the 
adult diabetes population (five percent) and 528 patients from the pediatric acute asthma population (two 
percent)). 
County-level measures 
I measured county-level socioeconomic and health system characteristics that previously have 
been shown to influence primary care performance.  Specifically, I measured poverty (percent population 
below federal poverty line), unemployment (percent of the civilian labor force over age 16 unemployed),  
metropolitan statistical area status (metropolitan, micropolitan, or neither), and health care supply and 
composition (number of short-term general hospital beds per 10,000 people, number of physicians per 
10,000 people and percent of physicians that were primary care physicians).   
Network-level measures  
I described the 14 CCNC networks in terms of size, age, characteristics of their member practices, 
and the distribution of their patient populations.  Specifically, I measured size in terms of geographic size 
(proxied by the number of counties in the network), the number of practices in the network, and the 
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number of patients in the network.  I used two measures of age: the year in which the network was 
initially formed and the year in which the network acquired the bulk of its member practices (defined as 
75% of the practices that were participating in 2008).  For example, consider a network that was formed 
in 2000 and had 100 participating practices in 2008, 75 of which had joined the network by 2005.  The 
value for the first age measure would be 2000 and the value for the latter age measure would be 2005.  
Finally, I described the composition of each network‟s practices according to the four main practice 
characteristics of interest and the distribution of each network‟s patients across these types of practices. 
As detailed in Chapter 2, anecdotally the 14 CCNC networks differ on several other dimensions 
that may influence performance.  Given the lack of previous systematic study of the importance of the 14 
networks in explaining variation in overall CCNC performance, this study focused on network 
characteristics readily available from secondary data.  
  
CHAPTER 4. DESCRIPTION OF CCNC PATIENTS, PRACTICES, AND NETWORKS 
 
Characteristics of the CCNC patient analysis population 
Over one million Medicaid patients were enrolled in CCNC at some point during 2008 (Figure 
4.1).  (This figure excludes Medicaid patients age 65 or older and other Medicaid patients also enrolled in 
Medicare; the total number of individuals ever enrolled in CCNC during the year is likely slightly higher).  
Just over half of these patients were enrolled with CCNC for at least ten months during the year, and 
about 90% of these patients were enrolled with same practice during that entire time.  Thus, about half a 
million patients (521,025) met the analysis population criteria of being between younger than age 65, not 
being enrolled in Medicare, being enrolled in CCNC for at least ten months during 2008 and being 
enrolled at the same CCNC practice the entire time.  Of these patients, 11,505 were adults identified as 
having diabetes and 30,221 were children identified as having acute asthma. 
The median age in the adult diabetes population was 51 and the median age in the pediatric asthma 
population was seven (Table 4.1).  As measured by the adapted Charlson comorbidity index, the pediatric 
asthma population was quite healthy: 99.1% had a comorbidity index score of zero.  The adult diabetes 
population had more comorbidities but was also fairly healthy: 16.3% had a comorbidity index of one and 
13.8% had a score of two or higher.   
Characteristics of CCNC practices 
In 2008 there were 1,321 unique practice sites that were enrolled as CCNC providers and had at 
least one enrolled CCNC patient according to claims data.   
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Practice type and size  
The vast majority of practice sites (88%) were community-based primary care practices (Table 
4.2).  Community health centers, local health departments, hospital-based clinics, and specialty practices 
collectively accounted for 12% of CCNC practice sites. 
Many of the CCNC practice sites were small primary care practices.  Forty-four percent of CCNC 
practice sites had one or two primary care physicians reporting the practice as their business location; 
nearly one-third (30%) had just one primary care physician.  These one or two physician practices 
accounted for 23% of all CCNC patient-months during 2008.  Compared to the overall CCNC population, 
adults in the diabetes analysis population were more likely to belong to small practices or institutional 
practices.  Children with acute asthma were more likely than the overall CCNC population to belong to 
practices with six or more primary care physicians. 
Affiliation  
Fifteen percent of the CCNC practice sites were affiliated with one of the six large hospital 
systems in North Carolina (results not shown).  These practice sites accounted for a proportionate share of 
patients: 12% of patients in the diabetes population and 13% of patients in the asthma population.  
CCNC scale  
The median practice site was responsible for 425 unique CCNC patients over the course of the 
year (interquartile range 158 to 985) and had 235 CCNC patients enrolled in the average month 
(interquartile range 77 to 590) (Table 4.3).  CCNC scale varied widely by organization type: community 
health centers, local health departments, and hospital-based clinics tended to be responsible for higher 
numbers of patients than non-institutional primary care practices.   
CCNC experience and adoption timing 
In 2008, about three-quarters of CCNC practice sites had been in the program for over two years, 
and about four out of ten practice sites had five or more years of CCNC experience (Table 4.4).  Practice 
sites with at least five years of experience accounted for 63% of all CCNC patient-months in 2008.  Adult 
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patients with diabetes were less likely to be at a practice site in the most experienced category: 53% were 
at a practice site with at least five years experience, compared to 65% of children with acute asthma.   
The majority of practice sites (65%) joined CCNC within one year of CCNC entry into the 
practice‟s county; an additional five percent of practice sites were part of a CCNC network before CCNC 
had fully expanded into their county (Table 4.4).  The remaining 30% of practice sites joined CCNC 
between two and ten years after CCNC entered the practice‟s county.  The earliest adopters accounted for 
a disproportionate share of total CCNC months during 2008 (19%).  Adults with diabetes were 
substantially less likely to be at a practice in the earliest adopter category (4%), while one-quarter of 
children with acute asthma were at such a practice. 
Physician specialty  
All primary care specialties were represented among the subset of CCNC practice sites that were 
community-based primary care practices.  Practices composed of family medicine physicians accounted 
for the largest number of practice sites (30%), but accounted for only 16% of all CCNC patient-months in 
2008 (Table 4.5).  While practices composed exclusively of pediatricians accounted for just 16% of 
practice sites, they were responsible for 40% of all CCNC patient-months.   
Characteristics of CCNC networks 
Network size and metropolitan status  
The size of the 14 CCNC networks varied widely, in terms of geographic size (ranging from a 
single county to 27 counties), number of practice sites (ranging from 19 to 265) and number of patients 
(ranging from about 28,000 to about 296,000).  Two networks were outliers in terms of geographic size: 
these two networks covered over 20 counties each, while the other 12 networks each covered geographic 
areas of eight counties or less (Figure 4.2).  These two networks also had the largest number of practice 
sites.  Most of the networks contained both metropolitan and non-metropolitan counties.  However, four 
networks contained only metropolitan counties and one network contained only non-metropolitan 
counties. 
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Network age  
The CCNC program began with nine networks in 1998.  The remaining five networks were 
created in 2002 (n=2), 2003 (n=2) and 2005 (n=1).  Networks have gradually added practices since their 
inception.  The year by which networks had acquired the bulk of their practices (at least 75% of practices 
that were in the network at the time of the study) ranged from 2003 to 2007 with a median of 2005 
(results not shown).   
Practice characteristics & distribution of patients  
The distribution of practices in terms of characteristics hypothesized to influence CCNC 
performance varied across networks; likewise, there were differences in the extent to which practices with 
certain characteristics were accountable for a network‟s patient population.   
Very small practices made up a larger share of practices in some networks than in others: in three 
networks over half of the practice sites had one or two physicians while practices of this size accounted 
for less than one-third of sites in three different networks (Table 4.6).  The share of total CCNC patient-
months belonging to practices with just one or two physicians ranged from 8% to 50%.   
In some networks there were very few or no practices affiliated with one of the six major hospital 
systems in the state, while affiliated practices made up about half or more of practices in two networks 
(Table 4.7).  Similarly, the share of total CCNC patient-months belonging to practices affiliated with one 
of the 6 major hospital systems ranged from 0% to 50%.   
The share of practices with less than 3 years experience ranged from 11% to 49% (Table 4.8).  
Practices with less than 3 years experience accounted for 11% of patients in the median network, with a 
range of 4% to 26%. 
Finally, there was variation across networks in the extent to which patients were concentrated at 
practices with high levels of CCNC scale.  Focusing on scale measured as the number of unique patients 
the practice was responsible for during the year, the 75
th
 percentile of scale in the program overall was 
985 patients (as noted above).  In the median network, 78% of patient months were at practices with this 
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level of scale or higher.  This ranged from 55% to 86% (Table 4.9).  Practices with scale in the bottom 25
 
percent (158 unique patients or fewer) accounted for less than 5 percent of patient months in any network. 
Discussion 
In 2008 CCNC was operating in over 1300 primary care practices that were quite diverse in terms 
of structural attributes and CCNC experience.  The majority of CCNC practices were community-based 
primary care practices; over 500 of these sites were part of practices with just one or two primary care 
physicians.  The vast majority of CCNC practices were not affiliated with one of the major health systems 
in the state.  Further, a substantial minority (over one in five) of CCNC practice sites were institutional 
practices that traditionally play a major role in the safety net: community health centers, public health 
departments, and hospital primary care departments.  This diversity coupled with the fact that 41% of 
these practices have at least five years of experience in the CCNC program provides a rich setting in 
which to examine whether traditional associations between structural attributes and primary care 
performance persist within a mature community care network program. 
In addition to diversity at the practice level, there were substantial differences in the 
characteristics of the 14 CCNC networks, particularly in terms of size, metropolitan status, and the 
characteristics of networks‟ member practices.  This variation along with anecdotal differences in the 
scope and intensity of networks‟ activities lends support to the hypothesis that meaningful variation in 
CCNC performance may exist between the 14 networks as well. 
  
CHAPTER 5: HOW MUCH DOES CCNC PERFORMANCE VARY AND DO OBSERVED 
CHARACTERISTICS EXPLAIN THIS VARIATION? 
 
Introduction 
Given substantial variation in the characteristics of CCNC practices and networks, the analyses 
presented in this chapter examine the degree of variation in performance between and within CCNC 
networks and whether differences in patient, practice, and community characteristics can explain this 
variation.  As described above, performance was measured in terms of process of care and utilization for 
adult patients with diabetes and pediatric patients with asthma.   
I approached these general goals in three slightly different ways.  First, I statistically tested 
whether variation in performance was greater than would be expected based on chance alone, evaluating 
two hypotheses: 
H1 Variation in CCNC performance between networks is greater than would be expected based 
on chance alone. 
 
H2 Variation in CCNC performance between practices within networks is greater than would be 
expected based on chance alone. 
 
I evaluated these hypotheses with and without adjusting for differences in patients, practices, and 
communities within networks.  Second, I examined the relative contribution of variation at three levels--
network, practice, and patient--to total variation in each performance measure with and without 
adjustment for patient, practice, and community characteristics.  Finally, in order to characterize 
performance variation in a clinically- and policy-relevant manner, I also described the level of 
improvement that could be obtained by bringing performance within each network up to the level of the 
network‟s practices with superior performance.   
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Use of multi-level models 
Analyzing variation between geographic areas and according to health system attributes is a 
longstanding hallmark of health services research.  Increasingly, researchers are employing variance 
components models to quantify variation in health system performance and to shed light on the relative 
importance of factors at different levels in explaining this variation.  These models are an attractive tool 
because they allow the residual variation in a given outcome to be partitioned into variation due to (a) 
differences between groups at one or more levels and (b) differences between individuals.  Another 
attractive feature of these models is their ability to produce empirical Bayes estimates of the systematic 
component of variation, one of the more robust metrics for quantifying the degree of variability across 
groups.
76, 77
 
One criticism of many contemporary variance component studies is researchers‟ tendency to over-
interpret intraclass correlation coefficients derived from these models and their failure to examine or 
discuss the magnitude of variation components in clinically- or policy-relevant terms.
56
  This dovetails 
with a main drawback to many statistics describing variability, including the systematic component of 
variation: their lack of intuitive meaning.  (Coory and Gibberd proposed one creative approach to address 
this shortcoming, discussed in detail below.)   
Notwithstanding these cautions, multilevel variance components models are well suited to the goal 
of documenting the extent and drivers of variation in performance between and within CCNC networks.  
Moreover, as a mature community care network program, CCNC presents an opportunity to add to our 
substantive knowledge of performance variation within such programs and to contribute to the growing 
body of variance components literature in a way that addresses common shortcomings.  
Methods 
In order to test whether performance varies more than would be expected by chance alone, I 
estimated multilevel logistic random intercept models with random intercepts at the practice and network 
levels.  I began with an “empty” model with no explanatory variables:   
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Eq 1. Yipn = f(β0 + wn +  upn + eipn) 
The subscript i denotes the individual patient, p denotes the primary care practice that serves as the 
patient‟s medical home, and n denotes the practice‟s CCNC network.  The residual variance in Yipcn is 
decomposed into three components: wn, a network-specific error component that varies between networks 
but is constant for all patients within a given network, upn, a practice-specific error component that varies 
between practices but is constant for all patients within a given practice, and eipn, a patient-specific error 
component.     
To evaluate H1, I first conducted a likelihood ratio test of the null hypothesis that wn=0 using 
information from a model with network random intercepts only and a model with no random intercepts--
this tests the hypothesis that between-network variation is greater than would be expected based on 
chance alone ignoring clustering at the practice level within networks.  I then tested H1 after accounting 
for practice-level clustering by conducting a likelihood ratio test of the null hypothesis that wn=0 using 
information from Eq 1 and an analogous model with random intercepts at the practice level only.  To 
evaluate H2, I conducted a likelihood ratio test of the null hypothesis that upn=0 using information from 
Eq 1 and an analogous model with random intercepts at the network level only.   
After establishing a baseline understanding of whether CCNC performance varies more than would 
be expected based on chance alone, I examined whether differences in the characteristics of patients, 
practices, and communities explain this variation in performance.  I repeated the above analyses based on 
an expanded model: 
Eq 2. f(Yipn = β0 + Iipn + ηPpn + Ccn + wn +  upn + εipn) 
where I, P and C are vectors of explanatory variables at the individual patient, practice, and community 
levels hypothesized to be associated with CCNC performance.  These explanatory variables were 
described in detail in Chapter 3 and are summarized in Table 5.1.   
To understand the relative contribution of factors at the network and practice levels to overall 
variation in performance, I used two approaches.  First, I partitioned the total variance in each 
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performance measure into the three levels--network, practice, and patient--by calculating intraclass 
correlation coefficients.  These coefficients indicate the proportion of variance in the outcome measure at 
each level.  For example:  
Eq 3. ρn = σw
2
 / (σw
2
 + σu
2
 + σe
2
) 
expresses the proportion of variance at the network level, ρn, as a function of the variances of the three 
errors.  In the logistic model, the variance of eipn, σe
2
,
 is fixed at π2/3.  The variance of wn and upn are 
calculated in the estimation of the random intercept models.  The intraclass correlation coefficient ρn can 
be interpreted as the proportion of the total variation in the performance measure that is due to variation 
between networks.   
A second way to describe the extent of variation between groups at different levels is the median 
odds ratio approach developed by Larsen and colleagues.
78, 79
  This approach is built on the notion of 
randomly choosing two patients from different groups and forming the odds ratio comparing the patient 
with the larger random intercept to the patient with the smaller random intercept.
5
  If this process is 
conducted repeatedly with patients from different networks, for example, the median odds ratio tells us 
that when two patients are randomly chosen from two different networks, the odds ratio comparing the 
patient with the larger network random intercept to the patient with the smaller network random intercept 
will exceed the value of the median odds ratio 50% of the time. 
To describe the magnitude of within-network variation in clinically- and policy-relevant terms I 
calculated two measures: (1) the number of missed care or adverse events that would be expected if all 
patients within a network were at a practice with performance equal to practices with superior rates and 
(2) the percent of missed care or adverse events that might be avoided if all patients within a network 
were at a practice with the performance equal to practices with superior rates.  This component of the 
                                                     
5
 For example, randomly choosing two patients from different networks would yield an odds ratio of 
exp(|wnhigh - wnlow|).  The median odds ratio can be calculated by setting the cumulative distribution function of these 
odds ratios to ½: 2Ф{ ln(ORmedian)*(sqrt(2σw
2
))
-1
} - 1 = ½ 
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analysis was motivated by the approach proposed by Coory and Gibberd,
80
 although I implemented the 
concept somewhat differently.
6
 
I calculated these measures using the empirical Bayes modal predictions of the within-network 
practice-specific random intercepts and probabilities from Eq 1 (unadjusted) and Eq 2 (adjusted).  The 
empirical Bayes predictions take into account two sources of variation in performance: 1) true variation in 
performance between groups and 2) random variation of the observed performance rate around the true 
rate within groups.  Often called “shrunken” estimates, they can be viewed as estimates of group-specific 
performance that have been adjusted to account for random error.  Group-specific performance is adjusted 
toward the overall mean performance at a rate that is inversely proportional to the precision of the group-
specific estimate and the variance of the group random intercepts.  The overall mean performance rate 
will have more influence on a group-specific rate when a) the number of observations in the group is 
smaller, b) the variance of the group level random intercept is smaller, or c) the proportion of residual 
variance at level 1 (here, the patient level) is large. 
I began by calculating the baseline number of “missed care” events (e.g., the number of diabetes 
patients who did not receive an A1c test during the year) or “adverse” events (e.g., the number of asthma 
patients with at least one hospitalization during the year) in each network.  To do so, I used information 
from Eq 1 (the unadjusted model) to calculate the mean empirical Bayes predicted probabilities for each 
network and multiplied this rate by the number of patients in the network.   
Next, I calculated the empirical Bayes modal predictions of the practice-level random intercepts 
and then defined the “superior” performance rate in each network as the 10th percentile of the practice-
level random intercepts in each network (since this portion of the analysis is focused on missed care or 
adverse events, the 10
th
 percentile contains the best ten percent of practices, that is the practices with the 
                                                     
6
 Coory and Gibberd calculated these measures based solely on the variance of the group-level intercepts 
from a multilevel random effects model.  The point of their approach was to transform the variance of the random 
intercepts into metrics that could be more easily interpreted from a policy standpoint.  Our approach was based on 
predicted probabilities from a multilevel random intercept model and captured a slightly different aspect of 
variation. 
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lowest rates of adverse or missed care events).  I then set the random intercept for each patient equal to 
this superior rate or the patient‟s original random intercept, whichever was lower, and re-calculated the 
predicted probability.  This new predicted probability represents the probability of the outcome assuming 
each patient was at a practice with a random intercept equal to that of the network‟s superior practices.  I 
calculated the mean of this new prediction for each network and multiplied the mean by the number of 
patients in the network to estimate the number of adverse or missed care events that would have occurred 
if all practices in a network performed like the network‟s superior practices.  The difference between this 
estimate and the baseline estimate above represents the number of missed care/adverse events that could 
have been avoided by bringing all practices up to the superior level of performance within their network.  
I performed this calculation twice for each measure, once without adjusting for differences in patient, 
practice, and county characteristics (Eq 1) and once after adjusting for these factors (Eq 2).    
These measures are a function of a) the predicted practice-specific random intercepts in a network 
(which will be closer to the network‟s overall mean performance when the variance of the practice-level 
random intercept is smaller and when the number of patients at the practice is smaller) b) how closely 
clustered all of a network‟s practices are to the network‟s superior performers and c) the distribution of 
patients across practices with different performance rates.  (For example, consider 2 networks, each with 
100 practices.  In both networks, 80% of practices have shrunken A1c test performance rates within 5 
percentage points of the network‟s superior performers.  In Network A, these 80% of practices account 
for 80% of patients, and the 20% of practices with lower performance account for 20% of patients.  In 
Network B, these 80% of practices account for 50% of patients, and the 20% of practices with lower 
performance account for 50% of patients. The estimated share of missed A1c tests that could be avoided 
will be higher in Network B than in Network A.) 
Finally, I formally tested whether the magnitude of variation between practices was different 
across networks by estimating random intercept models that allowed the variance of the practice-level 
random intercepts to be heteroskedastic across networks.  This model specification is identical to that in 
 35 
 
Eq 1, except that the variance of the practice-level random intercept, upn, is σun
2
 instead of σu
2
.  The 
subscript n indicates that it is possible for the variance to vary between networks.  To determine whether 
heteroskedasticity was present at a statistically significant level, I used likelihood ratio tests to compare 
this model to the model that assumed homoskedasticity. 
Results 
Description of the analysis population and overall performance rates  
In the diabetes analysis population, there were over 11,000 patients nested in 913 practices.  In 
the asthma analysis population, there were over 30,000 patients nested in 876 practices. At the patient 
level, there were substantial differences between the two populations in individual characteristics and 
practice characteristics (Table 5.1).  Patients in the two populations were similar in terms of 
characteristics of the counties in which their CCNC practices were located. 
In CCNC as a whole, unadjusted performance on the receipt of recommended diabetes care 
measures varied by measure, ranging from a high of 88% for A1c testing to a low of 43% for eye exams 
(Table 5.2).  Rates of emergency room visits and hospitalizations with a primary diagnosis of diabetes 
were fairly low (6% and 4% respectively), as were rates of asthma hospitalizations and beta agonist 
overuse (3% each).  However, nearly one in five children with acute asthma (18%) had at least one 
asthma emergency room visit.     
Does performance vary between and within networks?  
Before adjusting for lower level covariates, there was a range of about 10 percentage points or 
more across networks in the network-specific rates of performance (Figure 5.1).  The range in 
performance on diabetes and asthma utilization measures across networks was much larger for asthma 
emergency room use than other measures (Figure 5.1).  Ignoring clustering within practices within 
networks, this between-network variation was greater than would be expected based on chance alone for 
all performance measures except diabetes emergency room use and diabetes hospitalizations (first column 
of Table 5.3).  (That is, with no adjustment for covariates or clustering at the practice level, the log 
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likelihood was statistically higher in models with network random intercepts than in models with no 
random intercepts for all but these two measures).   
There was evidence of statistically significant variation between practices within networks for all 
measures aside from diabetes inpatient admissions (their column of Table 5.3).  After accounting for this 
practice level clustering, between-network variation did not persist for A1c testing, lipid testing, or 
attention to nephropathy.  (That is, I failed to reject the null that the log likelihood was equivalent in 
models with practice random intercepts only and in models with practice and network random intercepts). 
The intraclass correlation coefficients showed that the large majority of variation in all of the 
performance measures occurred at the patient level.  The network level intraclass correlation coefficients 
ranged from less than 1% to 3.4%, and the median odds ratios were close to 1 for all of the performance 
measures, reflecting the fact that the network level accounted for a small share of the total variation in 
performance relative to other levels.   The practice level accounted for relatively more variation: about 
one-fifth of variation in A1c tests (20.0%) and lipid tests (17.7%) and about six to ten percent of variation 
in attention to nephropathy, diabetes emergency room use, asthma emergency room use, asthma 
hospitalizations, and beta agonist overuse.  This between-practice heterogeneity was also reflected in the 
practice-level median odds ratio.  Using A1c tests as an example, if we repeatedly selected two random 
diabetes patients from different practices within a network and compared the odds of receiving an A1c 
test for the patient from the higher performing practice to the odds for the patient from the lower 
performing practice, the odds ratio would exceed 2.39 half of the time. 
Do observed patient, practice, and county characteristics explain between- and within-network 
variation?   
In general, these patterns persisted after adjustment for covariates at the patient, practice, and 
county levels (Table 5.4).  Patient-level covariates explained a statistically significant amount of variation 
in all of the performance measures and practice-level or county-level covariates or both were statistically 
significant for all of the performance measures except A1c tests and lipid tests (based on Wald tests of 
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joint significance, summarized in the last panel of Table 5.4).  Nonetheless, the level of between and 
within network variation after adjusting for covariates was quite similar to that observed in the unadjusted 
models.  The overall conclusion was altered for only one measure--after controlling for lower level 
covariates, between-network variation in asthma hospital use was no longer statistically significant.  
Measured patient, practice, and county characteristics slightly reduced the share of residual variation in 
performance that was due to between-practice differences for all measures; the largest differences were 
for attention to nephropathy (2.4 percentage point reduction), asthma emergency room use (2.3 
percentage point reduction), and beta agonist overuse (2.5 percentage point reduction).  
Do observed network characteristics explain persistent between-network variation?   
For the one diabetes process measure (eye exams) and two asthma utilization measures 
(emergency room use and beta agonist overuse) with persistent statistically significant network-level 
variation, I examined whether observed network characteristics could explain this variation (Table 5.5).  
Network size, age, and metropolitan status were jointly statistically significant predictors of variation in 
all three measures.  Network age was associated with higher odds of receipt of an eye exam and lower 
odds of beta agonist overuse, but was associated with higher odds of any asthma emergency room use.  
Network size was positively associated with performance on eye exams, but was not significantly related 
asthma emergency room use or beta agonist overuse.  Finally, metropolitan status had mixed effects 
across the measures: for eye exams, all metropolitan networks had worse performance and all non-
metropolitan networks had better performance relative to networks with both metropolitan and non-
metropolitan counties; for asthma emergency room use, all non-metropolitan networks had worse 
performance relative to networks with both metropolitan and non-metropolitan counties.   
After controlling for these factors, there was no longer any statistically significant residual 
variation between networks in performance on the eye exam or beta agonist overuse measures.  However, 
statistically significant between-network variation persisted for the asthma emergency room visits. 
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What is the practical significance of within-network variation?  
Another way of conceptualizing the extent of within network variation is to consider the 
improvement in performance that could be obtained if all practices within a network performed like the 
network‟s top 10% of practices (Table 5.6).  For example, 5,415 asthma patients had at least one asthma 
emergency room visit in 2008.  Ignoring differences across practices in patient, practice, and county 
characteristics, if all patients in each network were at practices with a random effect equal to their 
network‟s superior practices, the number of patients with any asthma emergency room use in CCNC as a 
whole would have been reduced by nearly one-third (31%).  Nearly half of missed A1c tests (48%) and 
lipid tests (45%) would be avoided, as would about one-quarter of missed attention to nephropathy (27%).  
There would also be meaningful reductions in the number of patients with any diabetes emergency room 
use (27%), asthma hospital use (33%) and beta agonist overuse (18%).  However, reducing variation 
between superior performing practices and other practices would have much less impact on the rates of 
missed eye exams or diabetes hospitalizations. 
 Given substantial variation in the characteristics of CCNC practices, it may be unrealistic to 
assume that all practices can achieve these superior rates of performance.  If characteristics observed in 
this study are strongly related to performance, we would expect the potential for improvement to decline 
after controlling for those factors.  For most measures, however, this is not the case: the estimated number 
of missed care or adverse events is quite similar with and without adjustment for patient, practice, and 
county characteristics (Table 5.6).  Notable exceptions are asthma emergency room use and hospital use--
the potential improvement in the number of patients with any use that could be obtained by addressing 
between-practice variation declined by eight and 12 percentage points, respectively, after adjusting for 
observed factors. 
For some performance measures, the extent of between-practice variation differed from network 
to network.  One indication of this was the range in network-specific estimates of the improvement that 
could be achieved by reducing between-practice variation (Table 5.7).  For example, after adjusting for 
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patient, practice, and county characteristics, the potential reduction in the number of patients with at least 
one asthma emergency room rate visit ranged from 13% to 30% across networks.  Formal tests of 
heteroskedasticity across networks in the variance of the practice-level random intercepts found evidence 
of differences across networks for two diabetes process measures (A1c tests and lipid tests), one diabetes 
utilization measures (emergency room use) and two asthma utilization measures (emergency room use 
and hospital use) (results not shown).  However, visual inspection of the data revealed no strong patterns 
between the extent of between-practice variation within networks and network size (either in terms of 
number of counties in the network or number of practices in the network) (results not shown).   
A minority of practices were superior performers across the board.  Of the 274 practices that had 
superior performance on at least one diabetes process measure, about one-quarter had superior 
performance on two diabetes process measures (23%) and just ten percent had superior performance on 
three or four of the measures.  Similarly of the 165 practices that had superior performance on one 
diabetes utilization measure (either emergency room use or inpatient hospital use), 20% had superior 
performance on both measures.  Of the 209 practices with superior performance on at least one asthma 
utilization measure, 21% had superior performance on two measures and six percent had superior 
performance on all three measures (results not shown). 
Discussion 
There was strong evidence of statistically and clinically significant variation in CCNC performance 
between practices within CCNC networks, and there was some evidence of variation between networks 
for a subset of performance measures.   
Focusing first on between-network variation, after adjusting for clustering at the practice level and 
controlling for lower level covariates, I found evidence of between-network variation for just one of the 
four diabetes process measures, eye exams, and neither of the two diabetes utilization measures.  This 
finding was contrary to expectations, and suggests that in 2008 the CCNC networks were not 
differentially influencing patterns of care for diabetes patients.  However, I did find between-network 
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differences in two of the three asthma utilization measures--emergency room use and beta agonist 
overuse--and the network level accounted for about four percent of total variation in asthma emergency 
room use.  Network age, size and metropolitan status were significantly associated with variation in these 
two measures, but between-network variation persisted for asthma emergency room use after controlling 
for these factors.  In future research it may be useful to further explore drivers of this between-network 
variation (for example, research may wish to examine whether there is a relationship between 
ophthalmology supply and variation in receipt of eye exams or relationships between emergency room 
capacity or environmental factors and asthma emergency room use). 
One potential explanation for these patterns is that asthma patients were slightly more concentrated 
among a smaller number of practices compared to diabetes patients who were distributed across a larger 
number of practices with a smaller number of patients at each practice (though both patient populations 
were quite dispersed).  It is possible that in 2008 networks were more highly engaged with pediatric 
practices that were serving large numbers of asthma patients relative to their level of engagement with the 
larger number of practices across which diabetes patients were distributed.  Given that the CCNC 
program has increasingly shifted attention to dual eligibles and adults with multiple chronic conditions in 
recent years, engaging with the diffuse primary care practices that serve these patients will be particularly 
important.  
Turning to between-practice variation within networks, I found statistically significant variation 
between practices within networks for all performance measures except for diabetes hospitalizations, 
regardless of adjustment for lower level covariates.  For diabetes patients, the share of residual variation 
in performance that was attributable to between-practice variation was largest for A1c tests and lipid tests, 
lower for nephropathy attention and diabetes emergency room use, and very small for eye exams and 
diabetes hospitalizations.  These patterns are generally consistent with the degree to which care processes 
and use are directly in the control of a patient‟s primary care practice.  For asthma patients, the share of 
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residual variation in performance that was attributable to between-practice variation ranged from about 
six percent for asthma emergency room use to about three percent for beta agonist overuse.   
Despite the fact that the intraclass correlation coefficients attributed the vast majority of residual 
variation across all performance measures to the patient level, a substantial portion of missed care or 
adverse events could be avoided by addressing between-practice variation and bringing performance at all 
practices up to the level of performance at superior practices.  For example, nearly half of all missed A1c 
tests (with a practice level intraclass correlation coefficient of 19%) could be avoided under this scenario, 
as could nearly one-third of asthma emergency room visits (with a practice level intraclass correlation 
coefficient of about six percent).   
Moreover, adjusting for patient case mix, practice structural attributes and county socioeconomic 
and health system characteristics had little impact on the magnitude of improvement that could be 
obtained by addressing between-practice variation.  A wide range of factors unobserved here could 
contribute to this variation, including unmeasured structural factors such as the size and skill mix of non-
physician staff at the practice (e.g., mid-level providers, nurses, practice managers and other office staff) 
or the practice‟s health information technology capabilities.  Beyond structural factors, it is likely that 
personal factors such as managerial talent and inter-personal factors such as the relationships between the 
practice and local CCNC case managers or the degree of quality improvement leadership at the practice 
play key roles in driving between-practice variation in performance.  Identifying modifiable factors that 
contribute to superior performance is an important area for future implementation research.  Given 
CCNC‟s mature infrastructure and established relationships with local providers, the program may be 
well positioned to address these factors. 
  
CHAPTER 6: DO TRADITIONAL ASSOCIATIONS BETWEEN PRACTICE 
CHARACTERISTICS AND PRIMARY CARE PERFORMANCE PERSIST WITHIN CCNC? 
 
Introduction 
Policymakers have expressed concern that small, independent or otherwise disadvantaged 
practices may have trouble implementing new models of care delivery.  CCNC has been cited as a model 
for supporting diverse practices in improving the quality and coordination of medical care.  The analyses 
presented in the previous chapter suggest that within CCNC structural attributes of primary care practices 
play a minor role in driving variation in performance.  To more specifically address concerns of 
policymakers about the barriers faced by certain types of practices, this chapter examines whether 
traditional associations between practice characteristics and primary care performance exist within the 
CCNC program, testing three hypotheses:  
H3 Practice size is positively associated with performance.   
 
H4 Health system affiliation is positively associated with performance. 
 
H5CCNC scale has a non-monotonic relationship with performance, with a positive association 
that becomes negative as scale increases.  
 
Two additional hypotheses focused more specifically on the role of the CCNC program in shaping these 
associations: 
H6 CCNC experience has a positive relationship with performance.  
 
H7 CCNC experience moderates the association between practice size and affiliation  and 
performance.  
 
Methods 
I first examined bivariate associations between the nine dichotomous performance measures and 
practice characteristics of interest.  To evaluate the hypotheses, I then assessed the association between 
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CCNC performance and practice characteristics while controlling for potential confounders using logistic 
regression.  The model specification was: 
Eq 1.  
Yipcn = f(β0 + β1CHC + β2HealthDept + β3HospPCDept +β4(CommunityBased*Affiliated) + 
β5(CommunityBased*Size) + β6CCNCScale + β7CCNCExperience + Iipcn + ηPpcn + Ccn + δNn + εipcn)  
where Y is the outcome of interest for individual i in practice p in community c in network n; I, P and C 
are vectors of control variables at the individual, practice, and community levels; and N is a vector of 
indicator variables for each CCNC network.   The residual error, ε, captures omitted factors associated 
with Y and is assumed to be independent of the covariates in the model and independently distributed 
across individuals.  
The five practice characteristics of interest were organization type, size, affiliation with major 
hospital system, CCNC scale, and CCNC experience.  Organization type was measured by three indicator 
variables for community health centers, health departments, and hospital primary care departments; 
community-based primary care practices were the omitted category.  Affiliated was an indicator equal to 
one for practices affiliated with one of the six major health systems in the state, and Size was a categorical 
variable (1 physician, 2-5 physicians, 6-10 physicians with 11 or more physicians as the omitted 
category).  I used effect coding, rather than dummy variable coding, to capture differences by affiliation 
and practice size among community-based practices.  Under this coding scheme, for example, the 
coefficient for CHCreflects the difference in log odds of Y between patients at community health centers 
and patients at community-based practices.  The coefficient for the interaction between CommunityBased 
and the one physician size category reflects the difference in log odds of Y between patients at 
community-based practices with one physician and the unweighted average of log odds for patients at 
community-based practices of all size categories.  CCNCScale was the number of CCNC patients the 
practice was responsible for at any point during the year, modeled in the quadratic form.  
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CCNCExperience was a continuous variable indicating the number of years the practice had been in the 
program.   
In addition to reporting odds ratios characterizing the relationships between the independent 
variables and CCNC performance, I used the estimated coefficients to calculate predicted probabilities of 
each performance measure for an “average” patient at seven different types of practices: community 
health centers, health departments, hospital primary care departments and community-based practices of 
the four size categories.  In these predictions, patient characteristics were set to the overall average, the 
network fixed effects were set to zero (i.e., the prediction reflects the modal network), and county 
characteristics were set to the average for the modal network.  Practice affiliation, CCNC experience, 
CCNC adoption timing, and practice specialty were set to the overall mean/modal categories.  CCNC 
scale was set to the median value for the practice type/size category.  These predicted probabilities 
provide a way to assess the magnitude of differences in performance associated with practice organization 
type and size.   
I also used this approach to describe the magnitude of differences in performance according to 
CCNC scale.  To do so, I calculated the average incremental effect associated with a 1000 person increase 
in CCNC scale, starting from the baseline prediction described above with scale set to the median within 
each practice type/size category.
7
     
To gauge the precision of these predicted probabilities, I calculated their bias-corrected 
bootstrapped 95% confidence intervals.   
After estimating Eq 1 to summarize the average associations between practice characteristics and 
CCNC performance, I tested the hypothesis that practice characteristics play less of a role in performance 
among practices with more CCNC experience.  The model specification was: 
Eq 2.  
                                                     
7
 A 1000 person increase in CCNC scale is roughly equivalent to moving from the 25
th
 percentile of scale to 
the 75
th
 percentile of scale among community-based practices with two to five primary care physicians.   
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Yipcn = f(β0 + β1ExperiencedCB + β2LessExperiencedCB + β3ExperiencedInst + 
β4(ExperiencedCB*Affiliated) + β5(LessExperiencedCB*Affiliated) +  
β6(ExperiencedCB*Size) + β7(LessExperiencedCB*Size) + β8Scale +  
Iipcn + Ppcn + Ccn + Nn + εipcn)  
Here I replaced the continuous experience variable with three indicator variables: ExperiencedCB 
were community-based practices with five or more years of CCNC experience, LessExperiencedCB were 
community-based practices with less than five years of experience, and Experienced Inst were 
experienced institutional practices; the omitted category was less experienced institutional practices.  
Because of small cell sizes, in this portion of the analysis I compare all institutional practices (community 
health centers, health departments, and hospital primary care departments) as a group to community-
based primary care practices.  I used effect coding to capture differences by practice size and affiliation 
within the ExperiencedCB and LessExperiencedCB categories. Under hypothesis H8, I expect that 
statistically significant differences in performance according to size and affiliation will be present among 
less experienced practices but not present among the most experienced CCNC practices.  I also expect 
that, for example, the odds ratio for patients at less experienced community-based practices with one 
primary care physician will be statistically different than the analogous odds ratio for experienced 
community-based practices.  I conducted Wald tests of the null hypothesis of equivalence of estimated 
coefficients post estimation. 
Addressing selection 
Because CCNC participation among primary care practices is voluntary and because CCNC 
patients are not randomly assigned to practices, selection bias is a key concern in estimating the 
association between CCNC performance and factors such as CCNC experience and CCNC scale.  For 
example, it is likely that variation in CCNC performance is partly due to differences in the level of 
primary care practices‟ commitment to improving quality of care for Medicaid patients.  This latent 
“commitment to Medicaid quality improvement” may be positively associated with years of CCNC 
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experience--it is likely that practices with relatively high commitment would have joined the program in 
its early stages.  Commitment to Medicaid quality improvement also may be associated with CCNC scale, 
either positively or negatively.  On one hand, practices with relatively high commitment may accept or 
attract larger numbers of CCNC patients, inducing a positive association between scale and commitment.  
On the other hand, practices with a relatively low commitment to quality in general may rely heavily on 
income from Medicaid patients (the “Medicaid mill” hypothesis popular in the 1970s and 1980s81), 
creating a negative association between scale and commitment.   
In order to address this potential endogeneity, I took advantage of the fact that not all practices had 
the option of joining CCNC at the same time--the program was gradually rolled out on a county-by-
county basis between 1998 and 2007.  I used the number of years between CCNC entering a practice‟s 
county and the practice joining CCNC to measures the practice‟s timing of CCNC adoption, a proxy for 
the practice‟s commitment to Medicaid quality improvement.  This allowed me to estimate the association 
between practice characteristics and CCNC performance while at least partly controlling for practices‟ 
commitment to Medicaid quality improvement.   
However, decisions to expand CCNC across counties were not entirely exogenous: program leaders 
based these decisions in part on the willingness of practices in the county to join the program.  Therefore, 
it is possible that CCNC experience is correlated with unobserved commitment to Medicaid quality 
improvement at the county level even after controlling for the individual practice‟s eagerness to join the 
program.  To understand the potential bias due to these unobserved county-level attitudes, I conducted 
sensitivity analyses using county fixed effects (discussed below).   
Standard errors and hypothesis testing 
Given the hierarchical nature of the CCNC program and the data for this study, the assumption of 
independence of the error across individuals is likely unrealistic.  After conditioning on the covariates, 
outcomes for enrollees in the same practice likely are more similar to each other than to outcomes for 
enrollees at a different practice; the same may also be true for practices in the same network.  Such 
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clustering will cause the standard errors of parameter estimates to be too large or too small and hypothesis 
tests to be incorrect.  Multilevel random effect models, such as those reported in Chapter 5, present one 
solution to this problem by allowing for correlation of the error between patients within practices and 
between practices within networks.  Coefficient estimates from these models are often called subject-
specific estimates because they are estimated conditional on the random intercept for (for example) each 
practice within each network.  
An alternate strategy is to use ordinary logistic regression and correct standard errors of the 
coefficient estimates for clustering post-estimation.  Estimates from this approach are often referred to as 
population averaged estimates, because they reflect differences in the average probabilities of the 
outcome across different values of the covariates.  A drawback to this approach is that the standard error 
correction can only address one level of clustering.  In this study, including network level fixed effects to 
remove network-specific factors from the error term and correcting the standard errors for clustering at 
the practice level would address this limitation.   
In this portion of the analysis, I primarily relied on this second approach.  The estimation of the 
multi-level random effects models is quite time intensive, making it infeasible to estimate the many 
iterations of the models required for specification tests, sensitivity analyses, and obtaining bootstrapped 
confidence intervals for the predicted probabilities.  However, after finalizing the model specification, I 
estimated the models using the random effects approach for comparison. 
As noted above, I constructed bias-corrected 95% confidence intervals around the predictions and 
incremental effects based on 1000 replications.  I accounted for the nested data structure during the 
bootstrap procedure by sampling practices with replacement within each network and sampling patients 
with replacement within each re-sampled practice.
8
 
                                                     
8
 This was implemented using Stata‟s bsample command.  To sample practices with replacement within 
networks:bsample, strata(network_id) cluster(practice_id) idcluster(new_practice_id).  To sample patients with 
replacement within the resampled practices: bsample, strata(new_practice_id). 
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Sensitivity analyses 
I conducted several sensitivity analyses to assess the robustness of our findings to alternate model and 
variable specifications.   
In order to examine the potential role of unobserved community-level commitment to Medicaid 
quality, I estimated a logistic regression model with indicator variables for the 100 North Carolina 
counties.  This model omitted the county-level characteristics and network-level fixed effects, but was 
otherwise identical to the main models.   
I also estimated the models with the data re-configured to measure practice characteristics at 
alternate levels.  First, I grouped CCNC practices together when they were satellite sites of the same 
practice and measured CCNC experience, years waited to join CCNC, and CCNC scale at the practice-
level instead of the CCNC site level.  In these analyses, all sites within a practice were assigned the 
maximum value of CCNC experience among the sites within the practice and the minimum value of years 
waited to join CCNC.  Conversely, I estimated the models with the data reconfigured to separate 
individual physicians at the same practice site who are enrolled as individual CCNC providers.  In these 
models, CCNC experience, years waited to join CCNC, and CCNC scale are measured at the individual 
CCNC provider level instead of the CCNC site level. 
In the last sensitivity analysis, I estimated the models with the data reconfigured so that the CCNC 
practice, rather than the individual patient, was the unit of analysis.  Here, the dependent variable was the 
practice-level performance rate for each outcome, calculated two different ways: 1) as the raw practice 
performance rate, and 2) as the practice performance rate adjusted for reliability (using empirical Bayes 
predictions of the rate from a model with random intercepts at the practice level and no covariates).  This 
sensitivity analysis provides a comparison of the main results to the information that could be generated 
in a study with only access to numerators and denominators at each practice rather than individual patient 
data. 
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Results  
Description of analysis population  
The characteristics of the analysis population were presented in Chapter 5 and are summarized 
again in Table 6.1 because of very slight differences in variable coding and the exclusion of patients at 
community-based practices of unknown size.  About one-quarter of adult diabetes patients were at an 
institutional practice, as were 13% of pediatric asthma patients.  Over half (56%) of adult diabetes 
patients were at community-based practices with five or fewer primary care physicians, as were 47% of 
pediatric asthma patients.  Thirteen percent of both patient populations were at community-based 
practices that were affiliated with one of the six major health systems in the state.  On average, diabetes 
patients were at practices with lower CCNC scale than pediatric asthma patients, and the standard 
deviations for CCNC scale were quite large for both patient populations.  The average diabetes patient 
was at a practice with about five years of CCNC experience, compared to about six years of experience 
among asthma patients.    
Unadjusted associations  
Before adjusting for confounding factors, CCNC performance on several measures varied 
according to practice structural characteristics (Table 6.2).  There were differences by practice type on 
three diabetes process of care measures (A1c testing, lipid testing and attention to nephropathy), on one 
diabetes utilization measure (hospital use) and on two asthma utilization measures (emergency room and 
hospital use).  Among community-based practices, there were differences between the practice size 
categories for lipid testing, diabetes hospital use, and asthma emergency room and hospital use.  When 
practice size was measured in the linear form, there was a negative relationship between practice size and 
the log odds of diabetes emergency room and hospital use and asthma emergency room use (i.e., larger 
practice size was associated with better performance on these utilization measures) (results not shown).  
Among community-based practices, those affiliated with one of the six major health systems had slightly 
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worse performance on one diabetes process measure (A1c testing) and slightly better performance on one 
asthma use measure (beta agonist overuse). 
CCNC scale was related to all four of the diabetes process measures; for three of the four 
measures the higher order term was statistically significant, suggesting a non-monotonic relationship 
between scale and performance.  CCNC scale was also related to diabetes hospital use and asthma 
emergency room and hospital use.  The higher order term was statistically significant for the asthma 
emergency room and hospital use measures. 
Finally, the linear measure of CCNC experience was significantly related to three of the diabetes 
process measures (eye exams, lipid testing, and attention to nephropathy) and one utilization measure, 
asthma emergency room use.  With the exception of lipid testing, an additional year of CCNC experience 
was associated with better performance on all of these measures.  There were differences between 
practices with very high levels of CCNC experience (5 years or more) and less experienced practices for 
two diabetes process measures (A1c testing and eye exams) and asthma emergency room and hospital 
use.  In all of these cases, experienced practices had slightly better performance. 
Multivariate analyses  
After adjusting for patient, practice, and county characteristics, some but not all of these 
associations persisted (full regression results are presented in Table 6.3). 
Organization type After adjusting for potential confounders, the organization type construct was 
statistically significant for two diabetes process of care measures (A1c testing and attention to 
nephropathy), one diabetes utilization measure (hospital use), and two asthma utilization measures 
(emergency room use and hospital use) (Table 6.3).  Compared to community-based practices, hospital 
primary care departments performed relatively well on these diabetes process of care measures but 
relatively poorly on these diabetes and asthma utilization measures (Table 6.4)
9
  There was similar pattern 
                                                     
9
 I considered the possibility that higher rates of asthma emergency room use among patients at institutional 
practices could be partly due to patients selecting a hospital-based primary care department as their CCNC practice 
concurrent with an emergency room visit.  If this were the case, we would expect that asthma emergency room visits 
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for community health centers: compared to community-based practices they performed relatively well on 
attention to nephropathy but relatively poorly on asthma emergency room use.  Health departments on the 
other hand had relatively poor performance on two diabetes process measures (A1c testing and lipid 
testing) and asthma emergency room use.   
Practice size Among community-based practices, there were statistically significant associations 
between practice size and performance on one diabetes process of care measure (eye exams), diabetes 
hospital use and asthma emergency room visits (Table 6.4).  For all of these measures, larger practices 
tended to have better performance. 
In general, the magnitudes of these associations in absolute terms were small to moderate (Table 
6.5).  For example, one of the largest differences was between the probability of having any asthma 
emergency room use for the average pediatric asthma patient at a hospital primary care department with 
the median CCNC scale for such practices (22.4% (95% CI: 14.2 to 33.2)) and the probability for the 
same patient at a community-based practice with 11 or more primary care physicians with the median 
scale for that practice size (13.4% (95% CI: 9.6 to 18.1)).  Consistent with the lack of statistical 
significance of the type/size regression coefficients for most measures, the 95% confidence intervals 
around the predicted probabilities for a given practice type/size contained the point estimate for other 
practice types/sizes for most measures.    
Affiliation After adjustment for covariates, there were statistically significant differences between 
patients at community-based practices that were affiliated with one of the six major health systems in the 
state and patients at community-based practices overall on one measure, asthma hospital use. In this case, 
patients at affiliated practices were slightly more likely to have at least one hospital stay compared to 
patients at community-based practices on average (Table 6.4). 
                                                                                                                                                                           
by patients at institutional practices would disproportionately occur in the first quarter of the year.  I did not find 
evidence of this trend: of all person-months with any asthma emergency room use during the year, 23.8% occurred 
in the first quarter for both patients at community-based practices and patients at institutional practices. 
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CCNC scale CCNC scale was significantly related to all four diabetes process measures and two 
asthma utilization measures (emergency room and hospital use) (Table 6.3).  After adjusting for practice 
size and other factors the squared term was statistically significant for three of the process measures (A1c 
testing, lipid testing, and attention to nephropathy).  For the majority of practices, increased CCNC scale 
was associated with better performance on A1c tests, lipid tests, and attention to nephropathy; however, 
for practices with very large CCNC scale, there was a negative association between increased scale and 
these diabetes process measures.  For the eye exam measure and the asthma utilization measures, 
increased CCNC scale was associated with worse performance at most levels of CCNC scale.  In absolute 
terms, the magnitudes of these associations were small and, with the exception of asthma emergency 
room use, their bootstrapped confidence intervals included zero (Table 6.6).  For example, with a baseline 
of the predicted probability with CCNC scale set to the median for each practice type/size, an increase in 
CCNC scale of 1000 patients would be associated with a 1.37 percentage point increase in the probability 
of receiving a lipid test during the year for an average patient across all types of practices (95% CI -0.37 
to 3.07). 
Main effect of CCNC experience Finally, after adjusting for patient, practice, and county 
characteristics, there was no statistically significant association between a one-year increase in CCNC 
experience and CCNC performance on any of the process or utilization measures (Table 6.3).     
Moderating effect of CCNC experience The disparities between institutional and community-
based practices were present among practices with at least five years of CCNC experience as well as 
practices with four years of CCNC experience or less (Table 6.7).  Regardless of CCNC experience, 
institutional practices as a group performed relatively well on attention to nephropathy and relatively 
poorly on asthma emergency room use.  Moreover, among established practices only, patients at 
institutional practices were less likely to receive lipid testing and were more likely to have any diabetes 
hospital use compared to patients at community-based practices.  Among less established practices only, 
patients at institutional practices were more likely to have any diabetes emergency room use compared to 
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patients at community-based practices.  However, despite the finding of statistical significance in one 
experience group and the lack of statistical significance in the other experience group, I failed to reject the 
null hypothesis that the magnitude of the difference between community-based practices and institutional 
practices were equal in the two experience groups for any these measures. 
Among community-based practices, practice size and affiliation were associated with diabetes 
process of care measures regardless of CCNC experience but were associated with utilization measures 
among less established practices only.  Focusing first on the diabetes process of care measures, practice 
size was associated with performance on lipid testing in both established and less established practices, 
with larger practices tending to perform better.  Affiliation was positively associated with receipt of A1c 
testing and negatively associated with receipt of eye exams among established practices only. 
Turning to the diabetes and asthma utilization measures, there were no statistically significant 
associations between practice size and performance among established practices, but practice size was 
significantly related to performance for emergency room use and hospital use for both diabetes and 
asthma for less established practices.  In general, larger size was associated with better performance.  One 
exception was asthma hospital use, which was higher than average among less-established practices with 
more than ten physicians.   
Sensitivity analyses 
These results were robust to the sensitivity analyses in which practice characteristics were 
measured at alternate levels (results not shown).       
Results from the random effects approach (i.e., the practice-specific estimates) were very similar to 
the main results (i.e., the population average results) (Appendix 2).  The direction of the associations 
between practice characteristics and performance were consistent across these two approaches, and the 
conclusions regarding statistical significance were usually the same.  There were some differences in 
statistical significance for coefficient estimates that hovered near statistical significance in one model 
(e.g., the estimates for community-based practices with 1 physician and with 2 to 5 physicians for the 
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asthma emergency room use model).  The only striking difference was for CCNC scale in the lipid test 
model, in which the higher order term was significant at the 99% level in the main analysis but was not 
statistically significant at the 95% level in the random effects analysis.  In the analysis that considered 
practices separately by level of CCNC experience, the results were also similar across the two 
approaches.  Again, one exception was for lipid testing: practice size was statistically significant for both 
experienced and less experienced practices in the main analysis, but was not statistically significant in the 
random effects analysis.   
In the county fixed effects models, the directions of the coefficient estimates were consistent with 
the main estimates, although there were differences in their magnitudes and conclusions of tests for 
statistical significance (Appendix 2).  For example, there were some factors that were not statistically 
significant in the main analysis but were significant in the within-county models: practice type was 
significantly related to A1c testing, lipid testing, and diabetes emergency room use; affiliation was 
significantly related to A1c testing; practice size was significantly related to A1c testing and asthma 
hospital use; CCNC scale was significantly related to eye exams; and CCNC experience was significantly 
related to asthma hospital use.  Another key difference is that in the within-county models, practice size 
was significantly related to performance on asthma emergency room use among practices with both high 
and low levels of experience; in the main analysis the size effect was limited to less experienced practices.  
These differences between the within-county models and the models examining average effects across all 
counties suggest that there are unobserved factors at the county level that are associated with CCNC 
performance and with the included explanatory variables. 
Finally, in the practice-level analyses with the practice-level performance rates as the unit of 
analysis, patterns were generally consistent with the main analyses when the shrunken performance rate 
was the outcome variable.  However, there were more substantial differences between the results of the 
main analysis and results from models with the unadjusted practice performance rate as the outcome 
variable.   
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Discussion 
Across nine process and utilization measures in two chronic disease populations, there was no 
dominant association between the structural attributes examined in this study and performance within the 
CCNC program.   
In terms of process of care for adults with diabetes, there was no strong evidence that small or 
unaffiliated practices are lagging behind other community-based practices.  One exception is that diabetes 
patients at practices with one primary care physician were less likely to receive an annual eye exam 
relative to patients at other community-based practices, perhaps an indication of difficulties making 
specialist referrals among the smallest primary care practices.  There were some differences between 
community-based and institutional practices in diabetes process measures, with relatively good 
performance at hospital primary care departments (for A1c testing and attention to nephropathy) and 
community health centers (for attention to nephropathy) and relatively poor performance at local health 
departments (for A1c testing and lipid testing). 
In terms of potentially preventable utilization for diabetes and asthma, there were some 
associations between practice size and performance and some suggestion that these associations were 
moderated by high levels of CCNC experience.  Among adult diabetes patients at practices with less than 
five years of CCNC experience, those at smaller practices had higher than average odds of diabetes 
emergency room and hospital use, consistent with the hypothesis that larger practices are more successful 
in avoiding potentially preventable utilization.  These patterns were not observed among patients at 
practices with very high levels of CCNC experience.  Among pediatric asthma patients at less 
experienced practices, those at practices with two to five physicians had higher than average odds of any 
asthma emergency room use and those at practices with six to ten primary care physicians had lower than 
average odds of any asthma emergency room use.  This is consistent with the hypothesized relationship 
between size and performance, though patients at the largest practices did not fare differently than 
average.  There was some evidence that the association between practice size and asthma emergency 
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room use were more pronounced among less experienced practices than practices with very high levels of 
CCNC experience, though this was largely driven by especially low rates of asthma emergency room use 
among less experienced practices with six to ten physicians (and from a within-county perspective, 
practice size was a significant predictor of asthma emergency room use among both experienced and less 
experienced practices).  In terms of asthma hospitalizations, patients at less experienced practices with 
more than ten primary care physicians had higher than average odds of any hospital use (not consistent 
with the hypothesized direction of the association between practice size and performance), while there 
was no association between size and hospital use among the most experienced practices.  Given the cross-
sectional nature of this study, it is not possible to infer that these differences between experienced and less 
experienced practices have been caused by CCNC.  However, these results suggest that the limited 
association between practice size and potentially preventable utilization within CCNC is the most 
pronounced among practices with less CCNC experience.   
There were indications that, regardless of CCNC experience, traditional safety net providers 
continue to face some barriers in providing recommended care processes and avoiding potentially 
preventable utilization.  Hospital primary care departments and community health centers performed 
relatively well on some diabetes process of care measures.  However, hospital primary care departments 
had higher rates of diabetes and asthma inpatient utilization compared to community-based practices.  
Asthma emergency room use was also higher among patients at institutional practices -- community 
health centers, public health departments, and hospital-based primary care departments -- than among 
patients at community-based primary care practices.  Further, though the magnitudes of the effects were 
quite small, there was a negative association between the number of CCNC patients at a practice and 
performance on some process of care and utilization measures.  These disparities could reflect a range of 
factors including residual differences in patient case mix (e.g., differences in diabetes or asthma severity 
or patient preferences regarding emergency room use), differences in the ability of patients to gain timely 
access to care, or differences in the practices‟ patterns of care and patient education.  Going forward, it 
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will be important for the CCNC program and similar programs implemented elsewhere to pay particular 
attention to the interactions between the program and traditional safety net institutions and other practices 
that serve large numbers of Medicaid and other vulnerable populations.   
Although CCNC experience appeared to moderate the association between practice characteristics 
and some performance measures and CCNC experience was associated with performance on some 
measures in bivariate comparisons, I did not find a linear relationship between years of CCNC experience 
and performance after controlling for other practice characteristics and patient and county level factors.   
The similarity of the main results and the results based on practice-level data with rates adjusted 
for reliability implies that the information gained from the limited amount of individual-level data 
available through claims databases may not significantly alter conclusions, especially when examining a 
relatively homogonous patient population (i.e., children with acute asthma enrolled in Medicaid).  
However, we did observe differences between the main analyses and the practice-level analyses that were 
not adjusted for reliability.  It is possible to generate these adjusted estimates using only information on 
the population size at each practice; testing this approach may be worthwhile in future research using 
group-level data only.   
  
CHAPTER 7: CONCLUSION 
 
In this final chapter, I synthesize the study results across analyses and performance measures by 
recapping findings related to each hypothesis. I then detail the limitations of this study and suggest 
directions for future research.  Finally, I discuss overarching conclusions with implications for the CCNC 
program, the implementation of similar community care network programs elsewhere, and our 
understanding of the role of primary care systems in driving health systems improvements.  
Synthesis of findings 
This study examined several hypotheses about variation in primary care performance within a 
mature community care network program and the role of practice characteristics in driving this variation.  
I examined nine specific measures of two aspects of primary care performance -- receipt of recommended 
care processes and potentially preventable health care utilization -- for two patient populations that have 
been the focus of CCNC‟s longest standing quality improvement initiatives -- adults with diabetes and 
children with acute asthma.   
Given the considerable flexibility that the 14 CCNC networks have to adapt the program to local 
contexts along with the measured and anecdotal differences in structure and activities across the 
networks, I examined the hypothesis that variation in CCNC performance between networks is greater 
than would be expected based on chance alone.  Conclusions regarding this hypothesis varied across 
performance measures and patient population.  After adjusting for clustering at the practice level and 
controlling for lower level covariates, I found evidence of between-network variation for just one of the 
four diabetes process measures, eye exams, and neither of the two diabetes utilization measures.  In 
contrast to these findings for diabetes, I found between-network differences in two of the three asthma 
utilization measures, emergency room use and beta agonist overuse.  The lack of between-network 
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variation for most diabetes measures was contrary to expectations and suggests that network-level factors 
were playing a minor role in driving variation in receipt of recommended care processes and potentially 
preventable utilization for adult diabetes patients; network factors played a larger, albeit still minor, role 
in driving performance in terms of potentially preventable utilization for children with acute asthma. 
Spurred by concerns of policymakers and previous research documenting substantial variation in 
primary care performance across practice sites, I examined several hypotheses related to variation in 
CCNC performance between practices and the role of practice characteristics in explaining observed 
variation.   
First, I tested whether variation in CCNC performance between practices within networks is 
greater than would be expected based on chance alone.  There was strong evidence of statistically and 
clinically significant variation in CCNC performance between practices across process and utilization 
measures for the diabetes and asthma patient populations.  Regardless of adjustment for lower level 
covariates, between-practice variation was statistically significant for eight of the nine performance 
measures, with diabetes hospitalizations being the exception.  A substantial portion of missed care or 
adverse events could be avoided by bringing performance at all practices up to the level of performance at 
superior practices.  This was true for most of the nine performance measures, with a few exceptions -- 
addressing between-practice variation would have little impact on overall rates of eye exams or diabetes 
hospitalizations for adults with diabetes.   
In general, adjusting for patient case mix, practice structural attributes and county socioeconomic 
and health system characteristics had a modest impact on the magnitude of improvement that could be 
obtained by addressing between-practice variation.  In terms of the percent change in the number of 
missed care or adverse events that could be avoided, adjustment for observed covariates had the strongest 
impact on the asthma measures (ranging from a 27% reduction for asthma emergency room use and beta 
agonist overuse to a 37% reduction in asthma hospitalizations) and on the diabetes measures that showed 
relatively low potential for improvement before adjustment (a 37% reduction for eye exams and a 100% 
 60 
 
reduction for diabetes hospitalizations).  These results suggest that clinically meaningful variation in 
performance existed between practices for nearly all measures of performance examined here and that 
observed covariates explained a modest amount of this variation for asthma utilization measures and a 
small amount of this variation for most of the diabetes process measures. 
After examining general patterns of between-practice variation in CCNC performance, I tested 
four hypotheses about the relationship between specific practice characteristics of interest and 
performance.  These multivariate analyses uncovered few statistically significant relationships between 
these practice attributes and the nine measures of CCNC performance.  
Practice size is positively associated with performance. I found evidence of the expected 
relationship between practice size and performance for three of the nine performance measures: one 
diabetes process measure (eye exams), one diabetes utilization measure (hospitalizations), and one asthma 
utilization measure (emergency room use).   
Health system affiliation is positively associated with performance. Affiliation was a statistically 
significant predictor of performance for one of the nine performance measures (asthma hospital use) and 
the direction of the effect was contrary to expectations: compared to patients at community-based 
practices overall, patients at community-based practices affiliated with one of the major health systems in 
the state had higher odds of at least one asthma hospital stay during the year. 
CCNC scale has a non-monotonic relationship with performance, with a positive association that 
becomes negative as scale increases. Scale was associated with performance on the four diabetes process 
measures and two asthma utilization measures (emergency room use and hospital use).  For three of the 
diabetes process measures (A1c testing, lipid testing, and attention to nephropathy), I found evidence of 
the hypothesized non-monotonic trend.  For the eye exam measure and the asthma utilization measures, 
the relationship between scale and performance was primarily negative.  Despite the statistical 
significance of these findings, however, the effect size of a 1,000 person increase in CCNC scale was 
quite small for all of these performance measures.  
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  CCNC experience has a positive relationship with performance. In multivariate analyses, CCNC 
experience was not a statistically significant linear predictor of performance for any of the performance 
measures. 
CCNC experience moderates the association between practice size and affiliation and 
performance. There was some evidence that the association between practice size and CCNC 
performance was stronger among practices with less CCNC experience compared to practices with high 
levels of CCNC experience for diabetes emergency room and hospital use and asthma emergency room 
and hospital use.  On the other hand, there was some evidence that affiliation with a major health system 
was associated with better performance on one diabetes process measure (eye exams) among the most 
experienced practices but not among less experienced practices.  In general, the small role of practice size 
in driving CCNC performance appeared to be concentrated among less experienced practices. 
Although not a focus of the a priori hypotheses, I also found differences in CCNC performance 
according to organization type.  Compared to community-based practices, hospital primary care 
departments and community health centers performed relatively well on diabetes process of care 
measures but relatively poorly on some diabetes and asthma utilization measures.  Health departments 
had relatively poor performance on two diabetes process measures and asthma emergency room use.  In 
general, these associations were present among both experienced and less experienced CCNC practices.   
Taken together, these results yield some cross-cutting patterns.   
There was evidence of significant between-practice variation for almost all of the diabetes and 
asthma process and utilization performance measures examined in this study; for most measures, 
meaningful improvements in performance could be achieved by addressing this between-practice 
variation.  However, structural attributes commonly cited as barriers to primary care performance played 
a small role in explaining this between-practice variation, and there was some evidence that this role was 
even smaller among practices with high levels of program experience.     
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I did find some indications that, regardless of CCNC experience, traditional safety net providers 
continued to face some barriers.  For example, health departments had relatively low performance in 
terms of diabetes process of care measures, and there was a negative relationship between CCNC scale on 
some process measures as well.  Moreover, community health centers, health departments, and hospital 
primary care departments had relatively poor performance on some measures of potentially preventable 
utilization. 
Finally, while meaningful gains in overall performance could be achieved by addressing between-
practice variation, substantial room for improvement would remain.  For example, even if all practices 
performed like superior practices in terms of asthma emergency room use, we would still expect over one 
in ten children with acute asthma to have at least one emergency room visit in a given year.  This 
highlights the importance of continuing to improve care processes and management across the board and 
working to find ways to achieve uniformly high performance within practices.   
The implications of these patterns are discussed in more detail below, after a discussion of the 
limitations of this study that should be kept in mind when interpreting these results.  
Limitations and directions for future research 
It is important to note several limitations to this study.  While CCNC‟s maturity and statewide 
reach present a rich opportunity to examine variation in performance within the program, the lack of a 
non-CCNC control group precludes the ability to establish the causal effect of CCNC on primary care 
performance or the causal effect of CCNC on the relationship between practice characteristics and 
performance.  This study cannot determine whether the observed relationships (or lack thereof) between 
practice characteristics and care processes and utilization would also be observed in the absence of 
CCNC.  Moreover, as discussed above, this study was not designed to determine whether overall levels of 
performance in CCNC are better than would be expected in the absence of CCNC or in the presence of an 
alternative system of care.   
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As CCNC continues to gradually expand to new patient populations (e.g., patients dually eligible 
for Medicaid and Medicare and patients enrolled in Medicare only) and continues to focus on new care 
management and quality improvement goals (e.g., management of complex patients with multiple chronic 
conditions), there will be new opportunities to evaluate program impact taking advantage of control 
groups within and outside of the state.  Building on baseline information on the differences (or the lack 
thereof) in performance according to practice characteristics from this study, it will be important to 
examine whether changes occur at differential rates in different types of practice settings.  
The fact that participation in CCNC by practices and selection of practices by CCNC patients is 
far from random is another component of this limitation.  It is likely that there were unobserved factors 
associated with both CCNC performance and key independent variables such as CCNC experience and 
CCNC scale.  In the multivariate analyses, these factors would be captured in the error term, leading to 
biased coefficient estimates.  For example, if there is a positive association between unobserved 
commitment to Medicaid quality and both CCNC experience and CCNC performance, the coefficient 
estimate for CCNC experience would be biased upward.  I attempted to address this limitation by 
controlling for practices‟ CCNC adoption timing and conducting sensitivity analyses with county-level 
fixed effects, but the potential for residual confounding remains.  The passage of the Affordable Care Act 
and the creation of the Center for Medicare and Medicaid Innovation have accelerated efforts to test a 
range of delivery system reform strategies accelerate across the nation, many of which will present similar 
challenges.  It is a priority for future research to identify novel ways of addressing selection bias, in terms 
of program and study design as well as analytical techniques.  One potential strategy for future research 
on established programs like CCNC could be to use differences between participating and non-
participating providers in an outcome measure that is not the focus of the intervention as a partial control 
for differences in overall levels of quality between the two groups. 
Another limitation stems from this study‟s reliance on administrative data.  The data set compiled 
and analyzed in this study represents a new contribution to our knowledge about the practice settings in 
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which CCNC is operating.  However, the physician licensure data, CCNC program data on participating 
practices, and Medicaid billing data were not collected for research purposes, making it possible that the 
independent and/or dependent variables were measured with error.  Measurement error of independent 
variables typically leads to attenuation bias; therefore, it is possible that the associations between practice 
characteristics and CCNC performance estimated here understate the true relationship.  With expanded 
resources, future research could investigate measures of practice size and other characteristics from 
alternate sources (e.g., commercial surveys of physician offices).      
Finally, the measures of structural attributes and program performance used in this study were 
blunt.  To measure CCNC performance, I focused on process of care and potentially preventable 
utilization for children with acute asthma and adults with diabetes.  These measures capture an important 
but limited aspect of CCNC performance.  For example, this study did not address issues of patient health 
status or other intermediate outcomes, program cost relative to savings, or patient or provider satisfaction, 
all of which are important components of the overall performance of the CCNC program.  The practice 
characteristics examined in this study also were relatively crude measures of structural attributes.  
Obtaining more nuanced measures of policy-relevant practice characteristics, structural and otherwise, 
and program performance represents an important area for future research. 
Implications 
The purpose of this dissertation was to expand our knowledge about variation in primary care 
performance within a mature community care network program that has shown promise as a way to 
support diverse practices in delivery system reforms.  As such, this study touched on the central issues 
facing our health and medical care systems today -- how can we improve the quality, efficiency, and 
outcomes of health care delivery, what is the potential of the primary care system to drive these 
improvements, and what are the optimal structures in which primary care can achieve this potential?  This 
study adds a slice of new information to the existing body of work that can shape our understanding of 
these issues.   
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Improving the quality, efficiency, and outcomes of health care delivery in the U.S. is a 
longstanding challenge.  Recent energy for addressing this challenge has been channeled into a range of 
specific delivery system reform models -- including patient centered medical homes -- that emphasize a 
central role for primary care providers working in close partnership with specialty providers and patients 
and their families in a policy environment that supports care coordination and holds local systems 
accountable for outcomes and costs.  Policymakers have aspired to design strategies to foster integration 
at the local level, most recently resulting in concepts such as accountable care organizations and 
discussion of the importance of the “medical neighborhood”.  CCNC was similarly built off the idea that 
integration of local medical care and other social resources is important and that a local support structure 
could overcome barriers at the individual practice level.   
This study suggests that a community care network structure such as CCNC may be one model that 
can successfully overcome some barriers to primary care performance at the individual practice level.  
Within CCNC, practice size and affiliation are not key drivers of performance.  This finding offers some 
endorsement of the notion that with the support of a community network infrastructure, small and 
independent primary care practices can achieve performance in line with other practices in terms of 
common process and utilization metrics. 
However, this study also suggests that there is room for continued improvement within the CCNC 
community care network model.  Although the effect sizes were modest, there was some indication that 
practices that serve large numbers of Medicaid patients and some types of safety net providers continued 
to face barriers.  These findings were most pronounced in terms of potentially preventable utilization and 
could in part be driven by residual case mix differences between safety net providers and other practices.  
Within CCNC and likely within other similar community care network programs, the challenge of 
containing utilization and costs and improving health outcomes for the most complex patients persists.  
Further, after adjusting for observed patient, practice, and community characteristics, substantial between-
practice variation existed within CCNC.  Moreover, even if it were possible to bring all CCNC practices 
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up to the level of performance at the superior practices, substantial room for improvement overall would 
remain.   
Thus, while the community care network model continues to show promise as a structure for 
supporting diverse primary care practices, the next challenge for CCNC and other similar models is to 
identify how to take performance to the next level -- to isolate and address the factors that are driving 
current between-practice variation in performance and to improve performance across the board.  Given 
its mature infrastructure and longstanding relationships with local providers, CCNC and health services 
researchers collaborating with the program could be well positioned to take on this challenge. 
  
 67 
 
TABLES AND FIGURES 
 
Chapter 1 
Figure 1.1 CCNC logic model 
 
 
  
 68 
 
Chapter 2 
 
Figure 2.1 Conceptual model of factors influencing primary care practice performance 
 
 
Figure 2.2 Conceptual model of factors influencing CCNC performance 
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Chapter 4 
 
Figure 4.1 CCNC patients and analysis population 
 
 
 
Table 4.1 Characteristics of CCNC analysis population 
 
 
Diabetes Asthma
Total patients 11,505 30,221
Total person-months 135,150 350,865
Median age (years) 51 7
Female (%) 72.9 40.0
Comorbidity index score (%)
0 69.9 99.1
1 16.3 0.4
2 or higher 13.8 0.5
  
 
Table 4.2 Organization type and size of CCNC practice sites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Community-based primary care practices
1 PC physician 392 30% 1,211,206 13% 2,433 21% 3,329 11%
2 PC physicians 186 14% 935,763 10% 1,516 13% 2,890 10%
3-5 PC physicians 238 18% 2,165,172 23% 2,191 19% 7,646 25%
6-10 PC physicians 108 8% 1,447,525 16% 834 7% 6,237 21%
11+ PC physicians 136 10% 1,425,208 15% 1,052 9% 5,843 19%
Unknown 106 8% 239,921 3% 529 5% 528 2%
Institutional/specialty practices
Community health center 69 5% 733,307 8% 1561 14% 1705 6%
Local health department 43 3% 407,314 4% 202 2% 700 2%
Hospital-based clinic 32 2% 682,149 7% 1164 10% 1343 4%
Specialty practice 11 1% 3,139 0.03% 23 0.2% 0
Total 1,321 100% 9,250,704 100% 11,505 100% 30,221 100%
Number of 
practice sites
Number of total 
CCNC
patient-months Diabetes Asthma
Number of patients in analysis population
7
0
 
  
 
Table 4.3 CCNC scale among CCNC practice sites 
 
 
 
  
25th 
percentile Median
75th 
percentile
25th 
percentile Median
75th 
percentile
25th 
percentile Median
75th 
percentile
Community-based primary care practices
1 PC physician 118 259 571 48 141 320 572 1,695 3,841
2 PC physicians 176 425 856 82 243 544 983 2,916 6,526
3-5 PC physicians 299 649 1,353 164 401 868 1,966 4,814 10,417
6-10 PC physicians 367 976 2,173 191 576 1,497 2,297 6,907 17,966
11+ PC physicians 117 325 1,055 47 157 556 570 1,881 6,666
Unknown 104 252 463 35 126 256 419 1,509 3,068
Institutional/specialty practices
Community health center 413 824 1,535 182 478 945 2,188 5,737 11,334
Local health department 349 696 1,431 200 393 872 2,395 4,717 10,465
Hospital-based clinic 535 1,259 3,761 278 768 2,364 3,333 9,210 28,366
Specialty practice 23 40 75 6 21 46 68 246 553
Total 158 425 985 77 235 590 920 2,817 7,080
Number of unique CCNC patients 
during the year
Average monthly CCNC 
enrollment
Total CCNC patient-months 
during the year
7
1
 
  
 
Table 4.4 CCNC experience and timing of CCNC adoption among CCNC practice sites 
 
 
Table 4.5 Specialty of primary care physicians at CCNC practice sites 
 
 
Years in CCNC
1-2 363 27% 1,054,946 11% 1,765 15% 3,066 10%
3-4 418 32% 2,332,714 25% 3,639 32% 7,542 25%
5 or more 540 41% 5,861,251 63% 6,101 53% 19,613 65%
Timing of CCNC adoption
Prior to expansion into county 66 5% 1,754,534 19% 463 4% 7,614 25%
Within 1 year of expansion into county 856 65% 6,029,507 65% 9,229 80% 18,395 61%
2+ years after expansion into county 399 30% 1,464,870 16% 1,813 16% 4,212 14%
Total 1,321 100% 9,248,911 100% 11,505 100% 30,221 100%
Number of 
practice sites
Number of total 
CCNC
patient-months Diabetes Asthma
Number of patients
in analysis population
7
2
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Figure 4.2 Size and metropolitan status of CCNC networks 
 
Note: Each circle represents one CCNC network (N=14) and is scaled based on the number of CCNC patients ever 
enrolled in the network during 2008. 
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Table 4.6 CCNC networks according to organization type and size of CCNC practice sites within the network 
 
1 
physician
2 
physicians
3-5 
physicians
6-10 
physicians
11+ 
physicians Unknown
Distribution of practice sites
Community Health Partners 7% 27% 18% 18% 0% 27% 2% 44
AccessCare 12% 28% 13% 20% 10% 10% 6% 265
Access II Care of Western NC 16% 17% 7% 19% 12% 22% 7% 58
Community Care Partners of Greater Mecklenburg 7% 21% 17% 21% 15% 14% 4% 152
Carolina Community Health Partnership 5% 42% 0% 26% 16% 0% 11% 19
Community Care of Wake and Johnston Counties 10% 38% 15% 17% 9% 6% 4% 78
Partnership for Health Management 18% 32% 15% 6% 15% 15% 0% 34
Carolina Collaborative Community Care 3% 37% 27% 18% 8% 0% 7% 73
Community Care Plan of Eastern Carolina 20% 32% 14% 13% 1% 13% 8% 192
Southern Piedmont Community Care Plan 7% 25% 12% 22% 12% 14% 8% 59
Access III of Lower Cape Fear 9% 34% 12% 19% 2% 3% 22% 129
Sandhills Community Care Network 8% 45% 15% 13% 8% 2% 8% 86
Northwest Community Care 16% 23% 10% 21% 7% 14% 9% 94
Northern Piedmont Community Care 21% 18% 13% 21% 13% 3% 11% 38
Distribution of CCNC patient months
Community Health Partners 18% 27% 16% 24% 0% 15% 0% 290,644
AccessCare 9% 8% 6% 29% 24% 23% 2% 2,352,046
Access II Care of Western NC 23% 4% 5% 25% 24% 16% 2% 367,827
Community Care Partners of Greater Mecklenburg 30% 13% 17% 20% 14% 5% 1% 1,081,662
Carolina Community Health Partnership 2% 10% 0% 19% 59% 0% 9% 222,179
Community Care of Wake and Johnston Counties 32% 19% 9% 10% 8% 21% 1% 688,365
Partnership for Health Management 16% 9% 10% 9% 17% 40% 0% 380,450
Carolina Collaborative Community Care 7% 30% 19% 30% 12% 0% 2% 441,296
Community Care Plan of Eastern Carolina 38% 16% 16% 12% 5% 9% 5% 1,015,977
Southern Piedmont Community Care Plan 3% 11% 5% 29% 39% 12% 1% 411,382
Access III of Lower Cape Fear 8% 17% 12% 37% 5% 12% 9% 486,351
Sandhills Community Care Network 13% 32% 19% 22% 7% 2% 6% 383,543
Northwest Community Care 29% 6% 4% 30% 8% 20% 3% 663,261
Northern Piedmont Community Care 36% 3% 5% 31% 7% 16% 2% 443,703
Community-based primary care practices
Institutional/
Specialty N
7
4
 
  
 
Table 4.7 CCNC networks according to organization type and affiliation of CCNC practice sites within the network 
 
 
  
Not 
affiliated Affiliated
Not 
affiliated Affiliated
Community Health Partners 7% 82% 11% 44 18% 74% 8% 291,438
AccessCare 12% 80% 8% 265 9% 87% 4% 2,353,855
Access II Care of Western NC 16% 81% 3% 58 23% 72% 5% 366,808
Community Care Partners of Greater Mecklenburg 7% 36% 57% 152 30% 37% 33% 1,078,760
Carolina Community Health Partnership 5% 74% 21% 19 2% 48% 50% 222,179
Community Care of Wake and Johnston Counties 10% 88% 1% 78 32% 68% 0% 688,365
Partnership for Health Management 18% 82% 0% 34 16% 84% 0% 380,450
Carolina Collaborative Community Care 3% 97% 0% 73 7% 93% 0% 441,296
Community Care Plan of Eastern Carolina 20% 76% 4% 192 37% 58% 5% 1,038,362
Southern Piedmont Community Care Plan 7% 46% 47% 59 2% 52% 46% 408,860
Access III of Lower Cape Fear 9% 85% 6% 129 8% 90% 2% 485,801
Sandhills Community Care Network 8% 88% 3% 86 13% 86% 1% 383,543
Northwest Community Care 16% 51% 33% 94 29% 26% 45% 663,261
Northern Piedmont Community Care 21% 66% 13% 38 36% 40% 24% 447,726
Number of practice sites Number of CCNC patient months
Community-based Community-based
Institutional/
Specialty
Institutional/
Specialty TotalTotal
7
5
 
  
 
Table 4.8 CCNC networks according to CCNC experience of CCNC practice sites within the network 
 
 
  
1-2 years 3-5 years 6+ years Total 1-2 years 3-5 years 6+ years Total
Community Health Partners 32% 25% 43% 44 13% 25% 62% 291,438
AccessCare 15% 66% 18% 265 4% 31% 65% 2,353,855
Access II Care of Western NC 31% 47% 22% 58 26% 21% 53% 366,808
Community Care Partners of Greater Mecklenburg 24% 47% 30% 152 11% 49% 41% 1,078,760
Carolina Community Health Partnership 11% 53% 37% 19 6% 38% 56% 222,179
Community Care of Wake and Johnston Counties 47% 45% 8% 78 22% 50% 28% 688,365
Partnership for Health Management 41% 38% 21% 34 25% 27% 48% 380,450
Carolina Collaborative Community Care 19% 81% 0% 73 11% 89% 0% 441,296
Community Care Plan of Eastern Carolina 37% 39% 24% 192 19% 45% 36% 1,038,362
Southern Piedmont Community Care Plan 17% 44% 39% 59 7% 30% 63% 408,860
Access III of Lower Cape Fear 25% 75% 0% 129 8% 92% 0% 485,801
Sandhills Community Care Network 23% 77% 0% 86 8% 92% 0% 383,543
Northwest Community Care 49% 31% 20% 94 13% 41% 46% 663,261
Northern Piedmont Community Care 21% 71% 8% 38 7% 51% 42% 447,726
Number of practice sites Number of CCNC patient months
7
6
 
  
 
Table 4.9 CCNC networks according to CCNC scale of CCNC practice sites within the network 
 
Note: The scale categories represent the global quartiles of CCNC scale among all CCNC practices in 2008 (e.g., 25% of all CCNC practices had CCNC scale of 
less than 158 patients). 
 
Less than 
158 
patients
158 to 985 
patients
More than 
985 
patients Total
Less than 
158 
patients
158 to 985 
patients
More than 
985 
patients Total
Community Health Partners 16% 57% 27% 44 1% 28% 71% 291,438
AccessCare 24% 48% 28% 265 1% 18% 81% 2,353,855
Access II Care of Western NC 28% 43% 29% 58 2% 22% 76% 366,808
Community Care Partners of Greater Mecklenburg 27% 42% 31% 152 2% 19% 79% 1,078,760
Carolina Community Health Partnership 5% 63% 32% 19 1% 18% 82% 222,179
Community Care of Wake and Johnston Counties 15% 50% 35% 78 1% 18% 82% 688,365
Partnership for Health Management 12% 50% 38% 34 0% 16% 83% 380,450
Carolina Collaborative Community Care 19% 59% 22% 73 1% 36% 63% 441,296
Community Care Plan of Eastern Carolina 31% 51% 18% 192 3% 31% 66% 1,038,362
Southern Piedmont Community Care Plan 17% 56% 27% 59 1% 21% 79% 408,860
Access III of Lower Cape Fear 36% 50% 15% 129 4% 34% 62% 485,801
Sandhills Community Care Network 23% 59% 17% 86 2% 43% 55% 383,543
Northwest Community Care 32% 46% 22% 94 2% 21% 77% 663,261
Northern Piedmont Community Care 13% 50% 37% 38 0% 14% 86% 447,726
Number of practice sites Number of CCNC patient months
7
7
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Chapter 5 
Table 5.1 Characteristics of the patient analysis population 
 
Proportion
/Mean Std Dev
Proportion
/Mean Std Dev
Patient characteristics
Age 49.0 10.8 7.5 4.7
Female 72.9% 40.0%
Comorbidity index 0.61 1.29 0.02 0.19
Practice characteristics
Organization type
Institutional/specialty 25.6% 12.4%
Community-based primary care 74.4% 87.6%
Size (community-based only)
1 physician 21.1% 11.0%
2-5 physicians 32.2% 34.9%
6-10 physicians 7.2% 20.6%
11+ physicians 9.1% 19.3%
Unknown 4.6% 1.7%
Affiliation (community-based only)
Affiliated 13.7% 13.2%
Not affiliated 86.3% 86.8%
CCNC scale 1,657.42 2,533.79 4,203.16 3,729.76
CCNC experience 4.86 2.46 6.07 3.01
Years waited to join CCNC 0.58 1.95 -0.71 3.13
Specialty (community-based only)
Family Medicine 32.8% 10.2%
Internal Medicine 17.1% 1.2%
Obstetrics/Gynecology 1.7% 0.1%
Pediatrics 0.3% 57.5%
Mix of above specialties 17.9% 16.8%
Unknown 4.6% 1.7%
County characteristics
Metropolitan status
Metropolitan 58.5% 60.8%
Micropolitan 29.8% 30.9%
Neither 11.7% 8.3%
Poverty rate 0.17 0.05 0.16 0.05
Unemployment rate 0.07 0.01 0.07 0.01
Physicians per 1000 people 1.94 1.45 2.02 1.40
Percent physicians primary care 0.52 0.15 0.49 0.13
Short term general hospital beds per 
1000 people 2.74 1.40 2.85 1.38
Analysis population size
Patients 11,505 30,221
Practices 913 876
Networks 14 14
Diabetes Asthma
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Table 5.2 Overall unadjusted CCNC performance rates 
 
 
  
Diabetes process measures
Receipt of A1c test 88%
Receipt of eye exam 43%
Receipt of lipid test 74%
Attention to nephropathy 81%
Diabetes utilization measures
Any diabetes ER use 6%
Any diabetes hospital use 4%
Asthma utilization measures
Any asthma ER use 18%
Any asthma hospital use 3%
Beta agonist overuse 3%
N
Diabetes 11,505
Asthma 30,221
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Figure 5.1 Overall unadjusted CCNC performance rates 
 
 
Note: Each dot represents one CCNC network (N=14). 
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Table 5.3 Unadjusted measures of between- and within-network variation in CCNC performance 
 
 
  
Networks Practices Networks Practices Patients
Diabetes process measures
Receipt of A1c test 0.039 ** 0.032 0.83 ** 1.19 2.39 0.8% 20.0% 79.2%
Receipt of eye exam 0.039 ** 0.028 ** 0.06601 ** 1.17 1.28 0.8% 2.0% 97.2%
Receipt of lipid test 0.040 ** 0.028 0.72 ** 1.17 2.24 0.7% 17.7% 81.5%
Attention to nephropathy 0.011 ** 0.0056 0.34 ** 1.07 1.75 0.2% 9.4% 90.5%
Diabetes utilization measures
Any diabetes ER use 0.019 5.5E-15 0.38 ** 1.00 1.79 0.0% 10.2% 89.8%
Any diabetes hospital use 0.0037 0.00084 0.049 1.03 1.23 0.0% 1.5% 98.5%
Asthma utilization measures
Any asthma ER use 0.16 ** 0.12 ** 0.31 ** 1.40 1.70 3.4% 8.3% 88.4%
Any asthma hospital use 0.048 ** 0.036 ** 0.34 ** 1.20 1.74 1.0% 9.3% 89.8%
Beta agonist overuse 0.071 ** 0.046 * 0.21 ** 1.23 1.55 1.3% 5.9% 92.8%
*(**)Variance of random effect is significantly different from zero at 0.05(0.01) level, based on LR test:
1. LR test compares model with network RE to model with no RE.
2. LR test compares model with network RE and practice RE to model with practice RE only.
3. LR test compares model with practice RE to model with no RE.
Variance of random effects Median odds ratio 
between: Percent of variance due to:Network 
RE only
1
Network RE + Practice RE
Networks
2
Practices
3
8
1
 
  
 
Table 5.4 Adjusted measures of between- and within-network variation in CCNC performance 
 
 
Networks Practices Networks Practices Patients County Practice Patient
Diabetes process measures
Receipt of A1c test 0.045 ** 0.021 0.78 ** 1.1 2.3 0.5% 19.1% 80.4% ++
Receipt of eye exam 0.023 ** 0.016 * 0.041 ** 1.1 1.2 0.5% 1.2% 98.3% + + ++
Receipt of lipid test 0.033 ** 0.019 0.67 ** 1.1 2.2 0.5% 16.8% 82.7% ++
Attention to nephropathy 0.0109 * 0.00682 0.25 ** 1.1 1.6 0.2% 7.0% 92.8% ++ ++ ++
Diabetes utilization measures
Any diabetes ER use 0.0068 1.3E-19 0.36 ** 1.0 1.8 0.0% 9.8% 90.2% + ++
Any diabetes hospital use 6E-08 9.1E-09 2.2E-14 1.0 1.0 0.0% 0.0% 100.0% + ++
Asthma utilization measures
Any asthma ER use 0.21 ** 0.16 ** 0.22 ** 1.5 1.6 4.3% 5.9% 89.8% ++ ++
Any asthma hospital use 0.0608 ** 0.02096 0.24 ** 1.1 1.6 0.6% 6.7% 92.8% ++ ++
Beta agonist overuse 0.074 ** 0.057 ** 0.12 ** 1.3 1.4 1.6% 3.4% 94.9% ++ ++
*(**)Variance of random effect is significantly different from zero at 0.05(0.01) level, likelihood ratio (LR) test as described below.
+(++) Covariates from the level are jointly statistically significant at 0.05(0.01) level, F-test.
1. LR test compares model with network RE to model with no RE.
2. LR test compares model with network RE and practice RE to model with practice RE only.
3. LR test compares model with practice RE to model with no RE.
Covariates stastically 
significant?
Variance of random effects Median odds ratio 
between: Percent of variance due to:Network 
RE only
1
Network RE + Practice RE
Networks
2
Practices
3
8
2
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Table 5.5 Association between network characteristics and performance from logistic regression of 
performance measures with significant between-network variation  
 
 
 
Table 5.6 Potential reduction in missed care and adverse events obtained by reducing between-practice 
variation 
 
Note: “Potential” figures represent expected number of events if all patients were at a practice with a random effect 
equal to the 90
th
 percentile of practices within their network.  Adjusted figures are adjusted for patient, practice, and 
county characteristics.
Coefficient estimates for network level covariates
Number of counties 0.0067 * 0.0044 -0.0065
Year network started 0.04572 ** 0.10 ** -0.0060
Year 75% of practices were in -0.0266 0.049 -0.21 **
All metro -0.22 ** 0.37 * 0.25
All non-metro 0.60 ** -0.14 -0.60
Covariates jointly significant?
Patient-level ++ ++ ++
Practice-level ++ ++ +
County-level ++ ++ ++
Network-level ++ ++ +
Variance of network RE 6.9E-21 0.055 ** 0.022
*(**)Significantly different from zero at 0.05(0.01) level
+(++) Covariates from the level are jointly statistically significant at 0.05(0.01) level, F-test.
Eye exam
Any asthma 
ER use
Beta agonist 
overuse
Note: Logistic regression models include patient, practice, county, and network covariates and 
network-level random effects.
Number 
of events
% 
avoided
N 
avoided
Number 
of events
% 
avoided
N 
avoided
Diabetes process measures
Missed A1c tests 1,310 680 48% 630 702 46% 608
Missed eye exams 6,561 6,208 5% 353 6,340 3% 221
Missed lipid test 2,940 1,607 45% 1,333 1,691 42% 1,249
Missed attention to nephropathy 2,144 1,559 27% 585 1,649 23% 495
Diabetes utilization measures
Any diabetes ER use 648 474 27% 174 478 26% 170
Any diabetes hospital use 479 459 4% 20 479 0% 0
Asthma utilization measures
Any asthma ER use 5,415 3,758 31% 1,657 4,201 22% 1,214
Any asthma hospital use 921 618 33% 303 729 21% 192
Beta agonist overuse 1,039 852 18% 187 903 13% 136
Potential, unadjusted Potential, adjustedActual 
number 
of events
  
 
Table 5.7 Adjusted potential reduction in missed care and adverse events obtained by reducing between-practice variation, by network 
 
 
  
Actual 
rate of 
missed 
care
% 
potentially 
avoided
Actual 
rate of 
missed 
care
% 
potentially 
avoided
Actual 
rate of 
missed 
care
% 
potentially 
avoided
Actual 
rate of 
missed 
care
% 
potentially 
avoided
Total 11% 47% 57% 3% 26% 43% 19% 23%
 
Community Health Partners 9% 54% 62% 5% 23% 50% 18% 21%
AccessCare 10% 41% 56% 3% 26% 44% 20% 21%
Access II Care of Western NC 10% 42% 57% 3% 30% 45% 20% 31%
Community Care Partners of Greater Mecklenburg 12% 44% 61% 3% 23% 40% 15% 19%
Carolina Community Health Partnership 8% 40% 48% 3% 20% 58% 22% 37%
Community Care of Wake and Johnston Counties 12% 45% 63% 4% 31% 54% 19% 28%
Partnership for Health Management 12% 47% 61% 3% 30% 48% 18% 22%
Carolina Collaborative Community Care 12% 46% 56% 3% 23% 31% 19% 20%
Community Care Plan of Eastern Carolina 10% 47% 54% 3% 26% 43% 19% 25%
Southern Piedmont Community Care Plan 12% 43% 57% 4% 22% 44% 21% 23%
Access III of Lower Cape Fear 12% 52% 54% 4% 20% 33% 17% 15%
Sandhills Community Care Network 12% 50% 53% 3% 27% 47% 20% 19%
Northwest Community Care 16% 47% 64% 3% 30% 41% 18% 19%
Northern Piedmont Community Care 14% 61% 60% 3% 24% 30% 17% 32%
Attention to nephropathyLipid testsEye examsA1C tests
8
4
 
  
 
Table 5.7, continued 
 
 
Actual 
rate of 
adverse 
events
% 
potentially 
avoided
Actual 
rate of 
adverse 
events
% 
potentially 
avoided
Actual 
rate of 
adverse 
events
% 
potentially 
avoided
Actual 
rate of 
adverse 
events
% 
potentially 
avoided
Actual 
rate of 
adverse 
events
% 
potentially 
avoided
Total 6% 26% 4% 0% 18% 22% 3% 21% 3% 13%
Community Health Partners 5% 15% 4% 0% 13% 24% 3% 23% 3% 9%
AccessCare 6% 32% 4% 0% 14% 22% 3% 22% 3% 11%
Access II Care of Western NC 6% 19% 4% 0% 12% 30% 2% 21% 2% 10%
Community Care Partners of Greater Mecklenburg 5% 22% 4% 0% 22% 21% 5% 23% 4% 17%
Carolina Community Health Partnership 5% 34% 4% 0% 11% 20% 3% 3% 4% 19%
Community Care of Wake and Johnston Counties 7% 40% 4% 0% 24% 23% 4% 28% 3% 13%
Partnership for Health Management 8% 40% 4% 0% 15% 28% 3% 21% 2% 17%
Carolina Collaborative Community Care 5% 20% 5% 0% 38% 24% 3% 17% 4% 14%
Community Care Plan of Eastern Carolina 5% 24% 4% 0% 20% 23% 3% 17% 3% 11%
Southern Piedmont Community Care Plan 5% 23% 4% 0% 16% 18% 3% 16% 3% 7%
Access III of Lower Cape Fear 6% 27% 4% 0% 15% 13% 3% 21% 3% 8%
Sandhills Community Care Network 5% 18% 4% 0% 18% 22% 3% 29% 3% 18%
Northwest Community Care 6% 23% 5% 0% 17% 25% 2% 15% 4% 12%
Northern Piedmont Community Care 5% 14% 6% 0% 18% 23% 3% 13% 6% 20%
Beta agonist overuseAny asthma hosp useAny asthma ER useAny diabetes hosp useAny diabetes ER use
8
5
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Chapter 6 
Table 6.1 Characteristics of the analysis population 
Proportion
/Mean Std Dev
Proportion
/Mean Std Dev
Patient characteristics
Age 49.05 10.80 7.43 4.71
Female 72.9% 39.9%
Comorbidity index 0.61 1.29 0.02 0.19
Practice characteristics
Organization type
Institutional 26.7% 12.6%
Community health center 14.3% 5.7%
Local health department 1.8% 2.4%
Hospital primary care department 10.6% 4.5%
Community-based primary care 73.3% 87.4%
Size (community-based only)
1 physician 22.2% 11.2%
2-5 physicians 33.8% 35.5%
6-10 physicians 7.6% 21.0%
11+ physicians 9.6% 19.7%
Affiliation (community-based only)
Affiliated 13.0% 12.7%
Not affiliated 60.3% 74.7%
CCNC scale 1,711.51 2,583.59 4,264.50 3,733.61
CCNC experience 4.89 2.46 6.11 3.01
Years waited to join CCNC 0.57 1.97 -0.74 3.14
Specialty, diabetes specific (community-based only)
All family medicine 34.4%
All internal Medicine 18.0%
Mix, including 1+ family/internal med 18.8%
Mix, no family/internal med 2.0%
Specialty, asthma specific (community-based only)
All pediatrics 58.5%
Mix, including 1+ pediatrics 14.8%
Mix, no pediatrics, 1+ family medicine 12.6%
Mix, no pediatrics/family medicine 1.4%
County characteristics
Metropolitan status
Metropolitan 60.0% 61.4%
Micropolitan 29.1% 30.9%
Neither 10.9% 7.7%
Poverty rate 0.17 0.05 0.16 0.05
Unemployment rate 0.07 0.01 0.07 0.01
Physicians per 1000 people 1.97 1.47 2.04 1.40
Percent physicians primary care 0.52 0.15 0.49 0.13
Short term general hospital beds per 
1000 people 2.74 1.41 2.86 1.38
N 10,953 29,693
Diabetes Asthma
  
 
Table 6.2 Bivariate associations between practice characteristics and CCNC performance 
 
  
Total 88.3% 43.1% 74.0% 81.0% 6.0% 4.3% 18.0% 3.1% 3.4%
Organization type ** ** ** ** ** **
Community-based primary care practice 88.3% 43.4% 75.5% 79.1% 5.9% 4.0% 16.6% 3.0% 3.4%
Community health center 87.0% 42.2% 73.4% 85.2% 6.4% 3.7% 23.1% 3.0% 4.3%
Local health department 83.2% 42.6% 63.9% 74.3% 5.9% 4.0% 30.9% 3.4% 3.1%
Hospital primary care department 90.4% 42.4% 66.5% 89.7% 6.4% 6.5% 31.3% 6.6% 3.6%
Size (community-based only) * ** ** **
1 physician 88.6% 42.0% 74.4% 78.3% 6.5% 4.4% 18.8% 2.7% 3.6%
2-5 physicians 87.6% 43.7% 76.2% 79.8% 6.0% 4.5% 17.7% 2.7% 3.4%
6-10 physicians 90.6% 44.4% 72.4% 77.9% 5.6% 3.2% 13.5% 2.9% 3.3%
11+ physicians 88.6% 44.8% 77.9% 79.1% 4.4% 2.2% 16.7% 3.7% 3.2%
Affiliation (community-based only) ** **
Not affiliated 88.9% 43.1% 75.6% 78.7% 6.0% 4.1% 16.8% 3.0% 3.2%
Affiliated 85.9% 44.7% 75.1% 80.8% 5.6% 3.6% 15.7% 3.1% 4.3%
CCNC Scale 0.54 0.03 0.36 0.96 ^^ -0.20 0.17 0.53 ^^ 1.23 ^^ -0.24
CCNC Scale squared -0.58 ^^ -0.29 -0.51 ^^ -0.55 ^^ 0.17 0.25 -0.28 ^^ -0.48 ^^ 0.06
Wald test of joint significance ^^ ^^ ^^ ^^ ^^ ^^ ^^
CCNC Experience
Continuous 0.023 0.023^^ -0.020 ^ 0.027^^ -0.004 0.011 -0.035^^ 0.013 -0.015
Categorical * * ** *
0-4 years 87.5% 42.0% 74.1% 80.2% 6.0% 4.1% 19.4% 2.8% 3.5%
5+ years 88.9% 44.0% 74.0% 81.6% 6.1% 4.4% 17.2% 3.3% 3.4%
**(*) Chi square test of differences across categories significant at 0.01(0.05) level.
^^(^) Coefficient significantly different from zero at 0.01(0.05) level.
Any asthma 
hospital use
Beta agonist 
overuse
Note: For categorical variables, reported figures are performance rate within each category.  For continuous variables, reported figures are estimated association between practice characteristic and log 
odds of outcome from a logistic regression with no other covariates.
Diabetes process Diabetes utilization Asthma utilization
A1c test Eye exam Lipid test
Attention to 
nephropathy
Any diabetes 
ER use
Any diabetes 
hospital use
Any asthma 
ER use
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Table 6.3 Logistic regression of CCNC performance 
 
 
 
 
 
 
 
 
Patient characteristics
Age 0.02 ** 0.02 ** 0.03 ** 0.04 ** -0.04 ** -0.06 ** -0.03 ** -0.14 ** 0.05 **
(0.02 - 0.03) (0.01 - 0.02) (0.02 - 0.03) (0.04 - 0.05) (-0.04 - -0.03) (-0.07 - -0.05) (-0.04 - -0.02) (-0.16 - -0.12) (0.03 - 0.06)
Female 0.13 0.23 ** 0.04 -0.05 -0.03 -0.27 ** -0.11 ** -0.04 -0.15 *
(-0.01 - 0.26) (0.15 - 0.32) (-0.07 - 0.15) (-0.17 - 0.07) (-0.22 - 0.15) (-0.47 - -0.07) (-0.17 - -0.05) (-0.18 - 0.09) (-0.28 - -0.02)
Comorbidity index -0.05 * -0.03 -0.08 ** 0.07 ** 0.23 ** 0.37 ** -0.03 0.24 0.16
(-0.09 - -0.01) (-0.06 - 0.00) (-0.12 - -0.05) (0.02 - 0.12) (0.19 - 0.27) (0.33 - 0.42) (-0.19 - 0.13) (-0.00 - 0.47) (-0.05 - 0.37)
Practice characteristics
Community health center -0.26 -0.09 -0.04 0.42 ** 0.32 0.00 0.36 ** -0.09 0.06
(-0.63 - 0.12) (-0.26 - 0.08) (-0.33 - 0.25) (0.18 - 0.66) (-0.06 - 0.70) (-0.40 - 0.39) (0.12 - 0.60) (-0.44 - 0.27) (-0.34 - 0.46)
Health department -0.58 * -0.03 -0.39 * -0.25 0.18 0.13 0.65 ** -0.10 -0.17
(-1.10 - -0.07) (-0.28 - 0.21) (-0.78 - -0.01) (-0.63 - 0.12) (-0.39 - 0.76) (-0.51 - 0.77) (0.40 - 0.90) (-0.73 - 0.54) (-0.61 - 0.27)
Hospital primary care department 0.46 * 0.11 -0.23 0.89 ** 0.21 0.55 * 0.52 ** 0.62 ** -0.03
(0.06 - 0.86) (-0.06 - 0.27) (-0.51 - 0.05) (0.58 - 1.19) (-0.22 - 0.65) (0.13 - 0.96) (0.17 - 0.87) (0.25 - 0.99) (-0.46 - 0.41)
Community-based * Size
1 physician -0.16 -0.15 ** -0.12 -0.06 0.12 0.23 0.12 0.01 -0.04
(-0.39 - 0.06) (-0.25 - -0.04) (-0.32 - 0.08) (-0.22 - 0.10) (-0.21 - 0.45) (-0.02 - 0.49) (-0.04 - 0.28) (-0.28 - 0.29) (-0.24 - 0.16)
2-5 physicians -0.12 -0.01 0.01 0.07 0.09 0.25 * 0.10 * 0.03 -0.06
(-0.30 - 0.07) (-0.09 - 0.08) (-0.14 - 0.15) (-0.05 - 0.19) (-0.17 - 0.35) (0.06 - 0.45) (0.00 - 0.20) (-0.14 - 0.20) (-0.19 - 0.07)
6-10 physicians 0.23 0.04 -0.12 -0.03 -0.02 -0.04 -0.19 ** 0.00 0.02
(-0.03 - 0.50) (-0.09 - 0.17) (-0.34 - 0.10) (-0.21 - 0.15) (-0.55 - 0.51) (-0.37 - 0.29) (-0.31 - -0.07) (-0.18 - 0.18) (-0.13 - 0.17)
Community-based * Affiliated -0.09 0.07 -0.04 0.09 0.02 -0.06 0.02 0.16 * 0.07
(-0.27 - 0.08) (-0.00 - 0.14) (-0.18 - 0.11) (-0.03 - 0.21) (-0.19 - 0.23) (-0.24 - 0.12) (-0.07 - 0.11) (0.02 - 0.30) (-0.06 - 0.21)
CCNC scale (10,000s) 1.04 * 0.06 0.98 * 0.78 0.10 -0.28 0.61 * 0.68 -0.03
(0.07 - 2.02) (-0.42 - 0.55) (0.15 - 1.80) (-0.06 - 1.61) (-1.04 - 1.25) (-1.42 - 0.87) (0.08 - 1.13) (-0.20 - 1.56) (-0.85 - 0.78)
CCNC scale squared -0.85 * -0.23 -0.75 ** -0.73 * -0.01 0.44 -0.19 -0.13 -0.13
(-1.52 - -0.18) (-0.55 - 0.09) (-1.27 - -0.23) (-1.32 - -0.14) (-0.78 - 0.75) (-0.36 - 1.23) (-0.52 - 0.14) (-0.64 - 0.38) (-0.60 - 0.34)
CCNC experience -0.02 0.01 0.03 -0.04 0.00 -0.01 0.00 -0.03 0.00
(-0.08 - 0.04) (-0.02 - 0.03) (-0.01 - 0.08) (-0.09 - 0.01) (-0.07 - 0.07) (-0.08 - 0.05) (-0.04 - 0.03) (-0.09 - 0.04) (-0.04 - 0.05)
Any asthma 
hospital use
Beta agonist 
overuse
Diabetes process Diabetes utilization Asthma utilization
A1c test Eye exam Lipid test
Attention to 
nephropathy
Any diabetes 
ER use
Any diabetes 
hospital use
Any asthma 
ER use
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Table 6.3 Logistic regression of CCNC performance, continued 
 
Years waited to join CCNC -0.02 -0.03 0.04 -0.03 0.03 -0.04 -0.04 -0.03 0.03
(-0.08 - 0.04) (-0.06 - 0.00) (-0.01 - 0.09) (-0.07 - 0.02) (-0.03 - 0.09) (-0.11 - 0.03) (-0.07 - 0.00) (-0.09 - 0.03) (-0.03 - 0.08)
Community-based * Specialty
All family medicine 0.09 0.06 0.09 0.11 0.19 0.01
(-0.10 - 0.28) (-0.03 - 0.16) (-0.08 - 0.25) (-0.01 - 0.23) (-0.10 - 0.48) (-0.20 - 0.22)
All internal medicine 0.18 0.14 * 0.16 0.15 * 0.48 ** 0.23 *
(-0.04 - 0.40) (0.03 - 0.25) (-0.06 - 0.37) (0.00 - 0.30) (0.17 - 0.78) (0.00 - 0.46)
Mix, 1+ family/internal medicine -0.15 -0.09 -0.03 0.09 0.27 0.04
(-0.38 - 0.09) (-0.21 - 0.03) (-0.25 - 0.18) (-0.07 - 0.25) (-0.07 - 0.61) (-0.23 - 0.30)
All pediatrics -0.23 ** -0.16 -0.09
(-0.36 - -0.11) (-0.39 - 0.06) (-0.24 - 0.06)
Mix, 1+ pediatrics 0.05 0.21 -0.17
(-0.13 - 0.24) (-0.09 - 0.51) (-0.39 - 0.05)
Mix, no pediatrics, 1+ family medicine 0.07 -0.19 -0.01
(-0.08 - 0.22) (-0.49 - 0.10) (-0.21 - 0.19)
County characteristics
Metropolitan status
Micropolitan -0.21 -0.06 0.07 -0.05 0.03 0.36 * 0.18 0.14 0.13
(-0.52 - 0.10) (-0.19 - 0.08) (-0.19 - 0.32) (-0.26 - 0.17) (-0.31 - 0.37) (0.03 - 0.68) (-0.00 - 0.36) (-0.16 - 0.44) (-0.11 - 0.37)
Not micropolitan or metropolitan -0.12 -0.19 * 0.14 -0.39 ** -0.02 0.07 0.28 * -0.07 0.12
(-0.53 - 0.29) (-0.38 - -0.01) (-0.17 - 0.45) (-0.63 - -0.15) (-0.44 - 0.41) (-0.37 - 0.51) (0.03 - 0.54) (-0.55 - 0.40) (-0.25 - 0.48)
Poverty rate 0.68 1.31 * -0.27 2.30 * 0.84 1.90 -0.55 4.03 ** 2.61 **
(-2.37 - 3.74) (0.09 - 2.53) (-2.46 - 1.92) (0.33 - 4.27) (-2.01 - 3.70) (-0.83 - 4.64) (-2.33 - 1.23) (1.81 - 6.25) (0.62 - 4.60)
Short term general hospital beds per 
1000 people 0.09 -0.05 -0.01 -0.03 0.10 -0.02 0.02 -0.04 0.04
(-0.05 - 0.22) (-0.11 - 0.01) (-0.11 - 0.10) (-0.11 - 0.06) (-0.04 - 0.24) (-0.15 - 0.11) (-0.08 - 0.12) (-0.18 - 0.09) (-0.05 - 0.14)
Physicians per 1000 people -0.03 0.02 -0.11 ** 0.08 0.07 0.07 0.02 -0.03 0.04
(-0.13 - 0.08) (-0.02 - 0.07) (-0.19 - -0.03) (-0.01 - 0.17) (-0.05 - 0.18) (-0.03 - 0.18) (-0.05 - 0.09) (-0.14 - 0.08) (-0.05 - 0.12)
Percent physicians primary care 0.68 0.30 -0.25 0.46 1.36 * -0.20 -0.31 -0.40 1.02 *
(-0.47 - 1.83) (-0.27 - 0.86) (-1.13 - 0.63) (-0.30 - 1.23) (0.20 - 2.53) (-1.41 - 1.00) (-1.05 - 0.44) (-1.57 - 0.77) (0.14 - 1.89)
Constant 0.51 -1.47 ** -0.16 -1.40 ** -2.70 ** -1.17 * -1.65 ** -3.11 ** -4.66 **
(-0.35 - 1.37) (-1.91 - -1.03) (-0.83 - 0.52) (-2.05 - -0.75) (-3.95 - -1.44) (-2.21 - -0.13) (-2.26 - -1.03) (-4.03 - -2.19) (-5.32 - -3.99)
Wald tests of joint significance
Practice type ** ** * ** **
Size * * **
Scale * ** * * ** *
Specialty ** * **
Observations 10953 10953 10953 10953 10953 10953 29693 29693 29693
**(*) Significantly different from zero at 0.01(0.05) level. Standard errors in parentheses are adjusted for clustering at practice level.
Models also included CCNC network fixed effects.
Diabetes process measures Diabetes utilization measures Asthma utilization measures
A1c test Eye exam Lipid test
Attention to 
nephropathy
Any diabetes 
ER use
Any diabetes 
hospital use
Any asthma 
ER use
Any asthma 
hospital use
Beta agonist 
overuse
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Table 6.4 Odds ratios describing association between CCNC performance and practice type, affiliation, and size 
 
 
  
Relative to community based practices
Community health center 0.77 0.91 0.96 1.52 ** 1.38 1.00 1.43 ** 0.92 1.06
(0.53 - 1.12) (0.77 - 1.08) (0.72 - 1.28) (1.20 - 1.93) (0.94 - 2.02) (0.67 - 1.48) (1.13 - 1.82) (0.64 - 1.31) (0.71 - 1.58)
Health department 0.56 * 0.97 0.68 * 0.78 1.2 1.14 1.92 ** 0.91 0.84
(0.33 - 0.94) (0.76 - 1.23) (0.46 - 0.99) (0.53 - 1.13) (0.67 - 2.14) (0.60 - 2.17) (1.50 - 2.47) (0.48 - 1.71) (0.54 - 1.30)
Hospital primary care department 1.58 * 1.11 0.80 2.43 ** 1.24 1.73 * 1.68 ** 1.86 ** 0.98
(1.06 - 2.35) (0.95 - 1.31) (0.60 - 1.05) (1.79 - 3.30) (0.80 - 1.91) (1.14 - 2.62) (1.18 - 2.39) (1.28 - 2.69) (0.63 - 1.51)
Among community based practices
Affiliated v average 0.91 1.07 0.96 1.09 1.02 0.94 1.02 1.17 * 1.08
(0.76 - 1.09) (1.00 - 1.15) (0.84 - 1.11) (0.97 - 1.23) (0.83 - 1.25) (0.79 - 1.12) (0.93 - 1.12) (1.02 - 1.35) (0.94 - 1.23)
1 physician v average 0.85 0.86 ** 0.89 0.94 1.13 1.26 1.13 1.01 0.96
(0.67 - 1.07) (0.77 - 0.96) (0.72 - 1.09) (0.80 - 1.10) (0.81 - 1.57) (0.98 - 1.63) (0.96 - 1.33) (0.75 - 1.34) (0.78 - 1.18)
2-5 physicians v average 0.89 0.99 1.01 1.07 1.1 1.29 * 1.11 * 1.03 0.94
(0.74 - 1.07) (0.91 - 1.09) (0.87 - 1.17) (0.95 - 1.20) (0.85 - 1.42) (1.06 - 1.57) (1.00 - 1.22) (0.87 - 1.22) (0.82 - 1.07)
6-10 physicians v average 1.26 1.04 0.89 0.97 0.98 0.96 0.83 ** 1.00 1.02
(0.97 - 1.64) (0.92 - 1.18) (0.71 - 1.11) (0.81 - 1.16) (0.58 - 1.66) (0.69 - 1.34) (0.73 - 0.94) (0.83 - 1.19) (0.88 - 1.18)
11+ physicians v average 1.05 1.12 1.26 1.03 0.83 0.64 * 0.96 0.97 1.08
(0.76 - 1.45) (0.97 - 1.29) (0.98 - 1.61) (0.85 - 1.24) (0.60 - 1.13) (0.45 - 0.90) (0.83 - 1.12) (0.75 - 1.25) (0.91 - 1.30)
**(*) Significantly different from 1.0 at 0.01(0.05) level. Standard errors in parentheses are adjusted for clustering at practice level.
Odds ratios are adjusted for patient, practice, and county characteristics and CCNC network fixed effects (see Table 6.3 for full regression results).
Any asthma 
hospital stay
Beta agonist 
overuse
Diabetes process Diabetes utilization Asthma utilization
A1c test Eye exam Lipid test
Attention to 
nephropathy
Any diabetes 
ER visit
Any diabetes 
hospital stay
Any asthma 
ER visit
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Table 6.5 Predicted probabilities by practice type and size 
 
 
 
 
 
 
 
 
 
 
 
Community health center
82.4 - 92.8 37.9 - 50.9 68.6 - 82.0 81.2 - 89.2 4.7 - 76.3 1.1 - 4.0 11.9 - 21.6 1.0 - 4.0 2.3 - 7.0
Health department
75.6 - 94.0 34.1 - 57.3 58.7 - 81.9 66.1 - 86.4 2.4 - 70.7 0.7 - 7.1 14.8 - 27.0 0.8 - 5.4 1.5 - 6.2
Hospital primary care department
90.1 - 97.4 42.0 - 57.2 62.9 - 81.4 86.9 - 94.7 3.1 - 67.7 1.7 - 7.1 14.2 - 33.2 2.5 - 10.1 1.5 - 6.3
Community-based primary care
1 physician
84.1 - 92.3 37.5 - 48.4 65.3 - 78.5 72.9 - 82.9 4.0 - 11.6 1.6 - 4.4 9.0 - 16.2 1.1 - 3.7 2.5 - 5.9
2-5 physicians
85.3 - 92.5 42.2 - 51.9 69.3 - 80.4 76.5 - 84.8 4.3 - 10.7 1.8 - 4.3 9.9 - 16.0 1.4 - 3.5 2.7 - 5.2
6-10 physicians
87.9 - 95.6 40.5 - 55.2 63.3 - 80.6 71.2 - 84.8 2.2 - 16.2 1.0 - 4.5 8.0 - 13.8 1.4 - 3.5 2.7 - 5.7
11+ physicians
84.4 - 94.6 41.7 - 57.7 70.5 - 85.6 72.6 - 86.1 2.5 - 10.8 0.5 - 3.2 9.6 - 18.1 1.3 - 4.3 2.4 - 6.2
Note: Predicted probability are for an "average" patient at an unaffiliated practice with CCNC scale equal to the median for each practice type/size category.  
Bootstrapped 95% confidence intervals are in italics.
Any asthma 
hospital 
stay
Beta 
agonist 
overuse
Diabetes process Diabetes use Asthma use
A1c test Eye exam Lipid test
Attention to 
nephropathy
Any 
diabetes ER 
visit
Any 
diabetes 
hospital 
stay
Any asthma 
ER visit
4.1%2.0%16.1%2.0%8.1%86.3%76.3%44.3%89.1%
86.6% 45.5% 71.2% 77.5% 7.3% 2.3% 20.1% 1.9% 3.3%
3.3%
88.9% 42.8% 72.7% 78.2% 6.7% 2.6% 12.3% 2.0% 3.7%
94.6% 49.1% 73.4% 91.2% 7.4% 3.4% 22.4% 5.4%
2.6% 12.9% 2.2% 3.6%
92.5% 47.5% 73.5% 79.2% 5.9% 2.0% 10.6% 2.3% 3.9%
89.7% 46.4% 75.8% 80.8% 6.6%
1.3% 13.4% 2.6% 3.9%91.0% 49.3% 79.4% 80.0% 5.0%
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Table 6.6 Incremental effects of 1000 person increase in CCNC scale on CCNC performance 
 
 
  
-0.50 - 1.60 -1.58 - 1.46 -0.37 - 3.07 -0.62 - 2.22 -0.92 - 0.93 -0.37 - 0.38 0.02 - 0.98 -0.04 - 0.35 -0.30 - 0.20
0.51 0.13 -0.05Average percentage point change 
in predicted probability
Note: Incremental effects are weighted average of effects of a 1000 person increase in CCNC scale for an "average" patient at an unaffiliated practice with baseline CCNC scale equal 
to the median for each practice type/size category.  Bootstrapped 95% confidence intervals are in italics.
0.68 -0.01 1.37 0.82 0.06 -0.03
Any asthma 
ER visit
Any asthma 
hospital 
stay
Beta 
agonist 
overuse
Diabetes process Diabetes use Asthma use
A1c test Eye exam Lipid test
Attention to 
nephropathy
Any 
diabetes ER 
visit
Any 
diabetes 
hospital 
stay
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Table 6.7 Odds ratios describing association between CCNC performance and practice type, affiliation, and size by CCNC experience 
Experienced v less experienced
Community-based practices 1.05 1.20 * 1.36 * 0.82 1.20 1.37 1.21 0.87 1.15
(0.74 - 1.48) (1.03 - 1.41) (1.04 - 1.78) (0.64 - 1.04) (0.81 - 1.77) (0.82 - 2.29) (1.00 - 1.47) (0.62 - 1.23) (0.88 - 1.52)
Institutional practices 1.05 0.97 0.96 0.77 0.80 1.74 0.92 1.26 1.80 *
(0.69 - 1.62) (0.77 - 1.23) (0.68 - 1.36) (0.55 - 1.09) (0.56 - 1.14) (0.97 - 3.13) (0.66 - 1.26) (0.74 - 2.16) (1.09 - 2.95)
Experienced practices
Community-based v institutional 1.01 1.10 1.33 * 0.65 ** 0.81 0.66 * 0.67 ** 0.78 0.90
(0.69 - 1.50) (0.94 - 1.29) (1.02 - 1.73) (0.50 - 0.83) (0.54 - 1.21) (0.45 - 0.96) (0.53 - 0.84) (0.56 - 1.10) (0.65 - 1.23)
Among community based practices
Affiliated v average 0.80 * 1.14 ** 1.07 1.03 0.83 0.83 1.01 1.08 1.14
(0.64 - 0.99) (1.04 - 1.26) (0.90 - 1.26) (0.88 - 1.20) (0.64 - 1.08) (0.67 - 1.03) (0.90 - 1.13) (0.92 - 1.27) (0.98 - 1.33)
1 physician v average 0.88 0.90 1.13 0.93 1.17 1.11 1.15 1.02 0.93
(0.65 - 1.19) (0.79 - 1.04) (0.84 - 1.51) (0.74 - 1.16) (0.74 - 1.87) (0.79 - 1.56) (0.91 - 1.44) (0.69 - 1.52) (0.68 - 1.27)
2-5 physicians v average 0.82 0.95 0.88 1.18 0.93 1.13 1.08 1.15 0.98
(0.64 - 1.05) (0.85 - 1.06) (0.73 - 1.07) (1.00 - 1.40) (0.66 - 1.32) (0.87 - 1.46) (0.95 - 1.23) (0.93 - 1.42) (0.81 - 1.17)
6-10 physicians v average 1.14 1.02 0.71 * 0.96 1.16 1.08 0.88 1.07 0.99
(0.81 - 1.61) (0.87 - 1.19) (0.54 - 0.94) (0.77 - 1.19) (0.64 - 2.10) (0.73 - 1.58) (0.77 - 1.00) (0.88 - 1.29) (0.82 - 1.19)
11+ physicians v average 1.21 1.15 1.41 * 0.96 0.79 0.74 0.91 0.80 1.12
(0.82 - 1.80) (0.98 - 1.34) (1.06 - 1.86) (0.75 - 1.22) (0.54 - 1.14) (0.51 - 1.09) (0.78 - 1.07) (0.60 - 1.07) (0.91 - 1.38)
Wald test of size construct *
Less experienced practices
Community-based v institutional 1.02 0.89 0.94 0.61 ** 0.54 ** 0.84 0.50 ** 1.13 1.40
(0.67 - 1.54) (0.71 - 1.12) (0.66 - 1.36) (0.44 - 0.86) (0.34 - 0.85) (0.42 - 1.71) (0.37 - 0.68) (0.66 - 1.93) (0.88 - 2.23)
Among community based practices
Affiliated v average 0.94 0.98 ^ 0.91 1.07 1.22 ^ 1.01 0.99 1.28 1.03
(0.74 - 1.19) (0.89 - 1.07) (0.76 - 1.08) (0.91 - 1.26) (0.97 - 1.54) (0.78 - 1.30) (0.86 - 1.13) (1.00 - 1.63) (0.84 - 1.26)
1 physician v average 0.91 0.88 0.77 * ^ 0.91 1.54 ** 1.95 ** 1.21 1.02 0.94
(0.68 - 1.23) (0.77 - 1.02) (0.60 - 0.99) (0.74 - 1.12) (1.11 - 2.12) (1.21 - 3.13) (0.98 - 1.49) (0.71 - 1.45) (0.73 - 1.22)
2-5 physicians v average 1.02 1.06 1.07 0.96 1.61 ** ^^ 2.01 ** ^ 1.22 * 0.88 0.89
(0.77 - 1.35) (0.93 - 1.21) (0.86 - 1.33) (0.82 - 1.13) (1.22 - 2.12) (1.31 - 3.09) (1.02 - 1.46) (0.66 - 1.16) (0.72 - 1.10)
6-10 physicians v average 1.48 1.08 1.31 ^^ 1.01 0.54 * ^ 0.85 0.64 ** ^ 0.73 1.20
(0.98 - 2.22) (0.88 - 1.33) (0.96 - 1.78) (0.76 - 1.33) (0.33 - 0.88) (0.43 - 1.68) (0.49 - 0.84) (0.48 - 1.13) (0.95 - 1.51)
11+ physicians v average 0.73 0.99 0.93 1.13 0.75 0.30 * 1.06 1.53 * ^^ 1.00
(0.43 - 1.22) (0.78 - 1.25) (0.61 - 1.43) (0.87 - 1.46) (0.46 - 1.22) (0.10 - 0.87) (0.79 - 1.41) (1.03 - 2.26) (0.70 - 1.42)
Wald test of size construct * *
**(*) Significantly different from 1.0 at 0.01(0.05) level. Standard errors in parentheses are adjusted for clustering at practice level.
^^(^) Significantly different from odds ratio for same category among experienced practices at 0.01(0.05) level, Wald test.
Odds ratios are adjusted for patient, practice, and county characteristics and CCNC network fixed effects.
Any asthma 
hospital stay
Beta agonist 
overuse
Diabetes process Diabetes utilization Asthma utilization
A1c test Eye exam Lipid test
Attention to 
nephropathy
Any diabetes 
ER visit
Any diabetes 
hospital stay
Any asthma ER 
visit
9
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APPENDIX 1. QUANTIFYING AND CHARACTERIZING PRIMARY CARE 
PRACTICES 
 
Quantifying and characterizing North Carolina primary care practices 
An overview of the approach used to group North Carolina primary care physicians into 
practice sites is described in Chapter 3 and is reiterated in greater detail here. 
To quantify and characterize primary care practices in the state, I used physician 
licensure data from the North Carolina Health Professions Data System.  The North Carolina 
Health Professions Data System is maintained by the Cecil G. Sheps Center for Health Services 
Research at the University of North Carolina at Chapel Hill in partnership with the North 
Carolina Medical Board.  The Medical Board annually provides files to the Sheps Center 
containing information on all licensed physicians in the state.  North Carolina law requires that 
physicians hold an active license to practice in the state, and physicians are required to renew 
their licenses annually.  Therefore, the Health Professions Data System contains records on the 
universe of physicians practicing in the state.  Information on specialty, practice characteristics, 
and demographic characteristics are self-reported by physicians when they apply for a new 
license and are updated when physicians apply for renewal.   
I used physicians‟ self-reported business location to group primary care physicians into 
practice sites.  This process involved several steps. 
I began by selecting all physicians with a primary specialty of family medicine, general 
practice, internal medicine, pediatrics, or obstetrics/gynecology (N=8,346).  I identified 
physicians who reported the address of a university medical center or other large hospital (500 
beds or more) as their business location and set them aside.    
For the remaining physicians, geocoding software (MapMarker Plus 12.3, MapInfo 
Corporation) was used to obtain the latitude and longitude of the street address, city, and zip code 
that each physician reported as his or her business location.  I grouped physicians according to 
their latitude and longitude coordinates and verified that these latitude-longitude groupings 
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represented distinct practice sites.  For example, it would be possible for multiple primary care 
practices to appear at the same latitude and longitude if these practices occupied different suites 
in a large medical office building.  To verify that the groupings based on latitude and longitude 
represented distinct practice sites, I used an automated process that took into account self-
reported suite number and telephone number and followed this by manually verifying all 
groupings.     
These practice sites may or may not belong to larger organizations, as outlined in Figure 
A1.  A primary care practice may have multiple care delivery sites.  Further, many practices are 
affiliated with a larger hospital systems.  I used information from health plan directories and web 
searches to flag practice sites that were part of the same larger practice organization, and I used 
practice directories of the four university health systems (East Carolina University, Duke 
University, University of North Carolina at Chapel Hill, and Wake Forest University) and the two 
other large hospital systems in the state (Carolinas HealthCare System and Novant Health) to flag 
practice sites that were affiliated with one of the six major health systems in the state.   
This process resulted in allocating the 8,346 primary care physicians in North Carolina in 
2008 into one of four location types (Table A1):  
1. Community-based practice sites (72% of primary care physicians) - This category 
includes “traditional” primary care practice sites along with other sites providing care to 
the general community including urgent care facilities, occupational health clinics, and 
hospices. 
2. Hospital-based practice (20% of primary care physicians) - Physicians in this category 
reported the address of a hospital and/or the address or business name of a 
hospitalist/inpatient/emergency medicine physician group.  If physicians reported the 
address of a large hospital (>500 beds), they were automatically placed in this category.  
If physicians reported an address that was subsequently determined to be a smaller 
hospital, they were placed in this category.  If physicians reported an address that was 
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subsequently determined to be a smaller hospital but there was enough additional 
information to determine that the practice site was a primary care practice located on a 
hospital campus, they were placed in the community-based practice site category. 
3. Other clinical and non-clinical locations (3% of primary care physicians) - Locations in 
this category are organizations that would not usually provide outpatient care to the 
general community, including: 
 Correctional facilities 
 Inpatient mental health facilities 
 Locum tenens/staffing service 
 Military/VA health facilities 
 Nursing/long term care facilities 
 College/university student health clinics 
 Laboratories  
 Government offices 
 Insurance companies 
 Research offices/facilities 
 
4. Unknown (4% of primary care physicians) - Physicians in this category had insufficient 
data in the business address and business name fields to discern location. 
 
The 5997 physicians at community-based practice sites were distributed across 2719 
unique practice sites and 2306 practices (Table A2).  That is, about one in five of the 2719 
practice sites were determined to be part of a larger multi-site practice.  About 15% of 
community-based practice sites were affiliated with one of the university hospital systems or one 
of the two other large health systems in the state (results not shown in tables). 
 
Quantifying CCNC practices  
There are three arrangements available to North Carolina physicians who wish to receive 
payment for care provided to Medicaid patients: fee-for-service Medicaid only, Carolina Access I 
only, or Carolina Access I plus Community Care of North Carolina (CCNC) (Table A3).  
Physicians can enroll as a Medicaid provider and receive FFS payments for care delivered with 
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no requirement to participate in any managed care.  However, approximately 75% of Medicaid 
patients are enrolled in managed care.
10
  These patients select a “primary care provider” (PCP), 
which is responsible for managing and authorizing patients‟ specialty care and care sought from 
other primary care providers.  Many types of care require PCP authorization.
11
  In order to serve 
as a PCP, providers must enroll in Carolina Access I and they have the option of additionally 
joining CCNC by signing an agreement with their local CCNC network.     
I obtained an administrative list of all entities that were enrolled as Carolina Access I 
PCPs (the list included PCPs participating in Carolina Access I only and those participating in 
both Carolina Access I and CCNC).  It is possible for entities at the individual physician, practice 
site, or practice levels to enroll as a PCP (see Figure A1).   
In 2008, there were 2089 PCPs with at least one enrolled patient during the year 
according to claims; 708 of these PCPs were enrolled in Carolina Access I only and 1381 were 
enrolled in Carolina Access I plus CCNC.   
The vast majority of PCPs were either practice sites or practices; however in a small 
number of cases, individual physicians at the same practice site were enrolled as individual PCPs.  
In order to quantify the number of CCNC practice sites, I collapsed these individuals into one 
entity.
12
  This resulted in 1353 unique CCNC practice sites, 1325 of which had at least one 
enrolled patient during the year.  This is the level of analysis that was used throughout this study 
                                                     
10
 Most Medicaid patients are required to enroll in managed care and choose a PCP.  Managed care 
enrollment is optional for all patients dually eligible for Medicare, foster children, and some pregnant 
women.  Children with special health care needs and other patients with special needs can request 
exemptions.  Whether a patient is enrolled in Carolina Access I only or Carolina Access I plus CCNC is 
determined by the program participation of their selected PCP.  
11
 Services that do not require PCP authorization: Ambulance; Anesthesiology; At Risk Case Management; 
CAP Services; Certified Nurse Anesthetist; Child Care Coordination; Dental; Developmental Evaluation 
Centers; Emergency Services provided in a hospital emergency department or a hospital owned urgent care 
center; some Eye Care Services; Family Planning; Health Department Services; Hearing Aids (Under age 
21); Hospice; Independent & Hospital Lab Services; Maternity Care Coordination; Optical Supplies/Visual 
Aids; Pathology Services; Pharmacy; Psychiatric/Mental Health; Radiology; Services Provided by Schools 
and Head Start Programs. 
12 
After geocoding the file of Carolina Access I/CCNC PCPs, I identified PCPs with the same latitude and 
longitude and used PCP name information to determine whether these PCPs were individual practitioners at 
the same practice site or separate practice sites with the same address (e.g., two different suites in the same 
medical office building). 
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(I excluded 2 CCNC practice sites that were located out of the state and 2 CCNC PCPs with 
missing address information, so the number of sites reported in the main study is 1321).  There 
were 720 unique practice sites enrolled in CA-I only. 
Quantifying CCNC participation rates and characterizing CCNC practices 
To understand the extent to which North Carolina primary care practices participate in 
CCNC and to describe characteristics of primary care physicians at CCNC practices, I merged the 
data on all primary care practice sites identified in the licensure data with data on all Carolina 
Access I and CCNC practice sites.   
The file of Carolina Access I/CCNC practice sites was geocoded and merged with the file 
of all primary care practice based on latitude and longitude. The merged file was verified by hand 
to ensure all matches were correct.   
Of the 2073 unique practice sites in Carolina Access I (either Carolina Access-I only or 
Carolina Access I plus CCNC), 1677 (81%) were matched to a primary care site identified in the 
licensure data, 190 (9%) were not matched for an unknown reason, 99 (5%) had missing address 
information and therefore were not matched, and 107 (5%) would not be expected to match 
(either because they were out of state or because they were hospital-based or specialty sites) 
(Table A4).  For the 190 sites that did not match for an unknown reason, it is possible that: the 
physician(s) practicing at those sites reported a different address as their business location in the 
licensure data; the physician(s) practicing at those sites reported a non-primary care specialty in 
the licensure data; or the site is primarily staffed by mid-level providers.  This uncertainty is a 
limitation of using administrative licensure data to ascertain physicians‟ practice locations, 
although it is the best available approach given the data and resources available for this study.    
Depending on assumptions about the unmatched practice sites, I estimated that 
approximately 40% to 50% of the 2719 practice sites identified as the business location of a 
North Carolina primary care physician were enrolled in CCNC and approximately 17% to 21% 
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were enrolled in Carolina Access I only, with the remaining 38% to 29% not enrolled in either 
program. 
Limitations 
This approach provides the best available estimate of the number and characteristics of 
North Carolina primary care practice sites in 2008, as well as the participation of these practices 
in Carolina Access I and CCNC.  However, it is important to be aware of several limitations to 
these estimates.   
Location information is self-reported by physicians at the time of license application and 
renewal.  It is possible that some physicians report out of date, incomplete, or incorrect 
information.  Further, information on practice and system affiliations of these sites is based on 
web searches and publicly available practice directories.  Although great care was taken to be 
comprehensive and accurate, it is possible that some sites in the file are part of a larger practice or 
system but are not identified as such here. 
These estimates reflect the business location of primary care physicians only.  This has 
several important implications: 
 It is possible (and likely) that other physicians practice at some of the sites identified 
here.  For example, a site may include two physicians who reported a primary specialty 
of internal medicine and three physicians who reported a primary specialty cardiology -- 
information about the site in these data would only reflect the two internal medicine 
physicians.  In another example, a primary care physician who provides care in three 
different physical locations would only contribute to the site she reported as her business 
location in this file. 
 Information on non-physician health care providers, including physician assistants and 
nurse practitioners, is not included here. 
 These data likely do not reflect the universe of physical sites in which primary care 
physicians deliver health care.  For example, a primary care practice may be composed of 
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a main office and several satellite offices.  If all of the physicians in this practice reported 
the main office as their business location, the satellite offices would not be captured here.  
In another example, a free clinic may be staffed on a part-time volunteer basis by several 
physicians, none of whom consider the clinic to be their business location.  In such a 
case, the clinic would not be captured here. 
  
 
Figure A1. Examples of potential organizational configurations for primary care practice
   
1
0
1
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Table A1. Business locations of NC primary care physicians 
 
 
Table A2. Unique practice sites reported as business locations of NC primary care physicians 
 
 
 
Table A3. NC Medicaid participation options for health care providers 
 Provider responsibilities Payment  
No Medicaid managed 
care 
 Fee-for-
service 
Carolina Access I  Contract with state agency 
 Serve as patients‟ PCP 
 Provide 24/7 coverage 
 Manage and authorize patients‟ specialty care and 
care sought from other primary care providers 
Fee-for-
service + 
$1.50 PMPM 
CCNC Carolina Access I responsibilities plus: 
 Sign agreement with local CCNC network 
 Participate in network quality improvement and 
utilization management initiatives 
Fee-for-
service + 
$2.50 PMPM 
 
  
N %
Total 8347 100
Community-based practice sites 5997 72
Hospital-based 1702 20
Other clinical/non-clinical 275 3
Unknown 373 4
N % N %
Total 2,719 100% 5,997 100%
Determined to be part of a larger 
multi-site practice?
Yes 558 21% 1,784 30%
No 2,161 79% 4,213 70%
Practice sites
Primary Care 
Physicians
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Table A4. Match between CCNC and Carolina Access I practice sites and practice sites identified as 
business locations by NC primary care physicians 
 
 
  
N % N % N %
Matched to a practice site identified in licensure data
CCNC/CA-I site matches licensure data site 1,079 79.7% 483 67.1% 1,562 75.3%
CCNC/CA-I site is part of multi-site practice with at 
least one other site in licensure data 94 6.9% 21 2.9% 115 5.5%
Not matched to a practice site identified in licensure 
data
Reason for lack of match is unknown 140 10.3% 50 6.9% 190 9.2%
CCNC/CA-I site missing address data 2 0.1% 97 13.5% 99 4.8%
Reason for lack of match is known
Not primary care practice 36 2.7% 11 1.5% 47 2.3%
Out of state 2 0.1% 58 8.1% 60 2.9%
Total 1,353 100% 720 100% 2,073 100%
TotalCCNC CA-I
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Table A5. Match between practice sites identified as business locations by NC primary care physicians 
and CCNC and Carolina Access I practice sites 
 
N % N % N %
Matched to a CCNC/CA-I practice site 1,079 39.7% 483 17.8% 1,562 57.4%
Site not matched to CCNC/CA-I, but part of multi-site 
practice with at least one other site in CCNC/CA-I
97 3.6% 17 0.6% 114 4.2%
Not matched to a CCNC/CA-practice site 1,043 38.4%
Total 1,176 43.3% 500 18.4% 2,719 100%
CCNC CA-I Total
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APPENDIX 2. RESULTS OF SENSITIVITY ANALYSES 
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Table B2. Results of sensitivity analyses 
 
A1c testing
Main Model: 
Logit, 
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional 0.04 0.14 0.13 0.01 0
(-0.26 - 0.34) (-0.2 - 0.48) (-0.11 - 0.36) (-0.04 - 0.05) (-0.01 - 0.02)
CB 1 physician v avg CB -0.14 -0.12 -0.13 0 0
(-0.37 - 0.09) (-0.36 - 0.12) (-0.29 - 0.04) (-0.04 - 0.03) (-0.01 - 0.01)
CB 2-5 physicians v avg CB -0.1 -0.17 -0.05 -0.03** -0.01
(-0.28 - 0.08) (-0.36 - 0.02) (-0.18 - 0.08) (-0.06 - -0.01) (-0.02 - 0.00)
CB 6-10 physicians v avg CB 0.22 0.28 0.21 0.04* 0.01*
(-0.04 - 0.48) (-0.02 - 0.59) (-0.00 - 0.42) (0.00 - 0.08) (0.00 - 0.03)
CB affiliated v avg CB -0.13 -0.11 -0.13* -0.01 -0.01
(-0.30 - 0.03) (-0.28 - 0.06) (-0.25 - -0.01) (-0.03 - 0.01) (-0.01 - 0.00)
CCNC Scale (10,000s) 0.7 1.07 0.98* 0.21* 0.02
(-0.36 - 1.76) (-0.38 - 2.51) (0.14 - 1.81) (0.01 - 0.42) (-0.05 - 0.09)
CCNC Scale^2 -0.6 -0.79 -0.83** -0.1 -0.01
(-1.35 - 0.16) (-2 - 0.41) (-1.40 - -0.25) (-0.27 - 0.08) (-0.08 - 0.05)
Years of CCNC experience -0.01 -0.02 0.36 0 0
(-0.07 - 0.05) (-0.71 - 1.44) (-0.01 - 0.01) (-0.00 - 0.00)
Observations 10976 10878 845 845
By level of experience
Experienced institutional 0.05 -0.01 0.50* -0.04 0
v less experienced institutuional (-0.38 - 0.48) (-0.55 - 0.53) (0.07 - 0.93) (-0.12 - 0.04) (-0.03 - 0.03)
Experienced CB 0.07 0.09 0.59** -0.02 0
v less experienced institutuional (-0.32 - 0.45) (-0.41 - 0.59) (0.16 - 1.01) (-0.09 - 0.05) (-0.02 - 0.03)
Less experienced CB 0.02 0.17 0.15 -0.01 0.01
v less experienced institutuional (-0.39 - 0.43) (-0.34 - 0.67) (-0.21 - 0.50) (-0.08 - 0.06) (-0.02 - 0.03)
Experienced CB 1 physician -0.13 -0.11 -0.18 0 0
v avg experienced CB (-0.44 - 0.18) (-0.45 - 0.23) (-0.43 - 0.06) (-0.05 - 0.05) (-0.02 - 0.01)
Experienced CB 2-5 physicians -0.19 -0.26 -0.15 -0.03 -0.01
v avg experienced CB (-0.44 - 0.05) (-0.52 - 0) (-0.34 - 0.03) (-0.07 - 0.00) (-0.03 - 0.00)
Experienced CB 6-10 physicians 0.13 0.27 0.09 0.04 0.02
v avg experienced CB (-0.21 - 0.47) (-0.11 - 0.64) (-0.18 - 0.36) (-0.01 - 0.10) (-0.00 - 0.03)
Less experienced CB 1 physician -0.09 -0.09 -0.06 0 0
v avg less experienced CB (-0.39 - 0.21) (-0.42 - 0.24) (-0.29 - 0.17) (-0.04 - 0.05) (-0.01 - 0.02)
Less experienced CB 2-5 physicians 0.02 -0.06 0.08 -0.03 0
v avg less experienced CB (-0.26 - 0.30) (-0.35 - 0.22) (-0.12 - 0.27) (-0.07 - 0.01) (-0.02 - 0.01)
Less experienced CB 6-10 physicians 0.39 0.33 0.46* 0.04 0.01
v avg less experienced CB (-0.02 - 0.80) (-0.2 - 0.87) (0.10 - 0.82) (-0.03 - 0.11) (-0.01 - 0.04)
Experienced CB affiliated -0.22* -0.21 -0.24** -0.03 -0.01*
v avg experienced CB (-0.44 - -0.01) (-0.44 - 0.02) (-0.40 - -0.07) (-0.06 - 0.01) (-0.02 - -0.00)
Less experienced CB affiliated -0.07 -0.02 -0.02 0.01 0
v avg less experienced CB (-0.31 - 0.18) (-0.25 - 0.22) (-0.19 - 0.15) (-0.02 - 0.04) (-0.01 - 0.01)
Observations 10976 10878 845 845
*(**) Coefficient is different from zero at 0.05(0.01) level.
Individual-level data Practice-level data
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of 
CCNC experience.  Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange 
highlighting denotes that the indivdiual coefficient is statistically significant at 0.05 level.
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Eye exams
Main Model: 
Logit, 
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional 0.02 0.02 0.07 0.01 0
(-0.12 - 0.16) (-0.13 - 0.17) (-0.09 - 0.23) (-0.05 - 0.07) (-0.00 - 0.01)
CB 1 physician v avg CB -0.14** -0.14 -0.15** -0.02 -0.01**
(-0.25 - -0.04) (-0.25 - -0.04) (-0.25 - -0.04) (-0.06 - 0.02) (-0.01 - -0.00)
CB 2-5 physicians v avg CB 0 0.00 -0.02 -0.02 0
(-0.09 - 0.09) (-0.08 - 0.08) (-0.10 - 0.07) (-0.05 - 0.01) (-0.01 - 0.00)
CB 6-10 physicians v avg CB 0.04 0.05 0.13 0.03 0
(-0.09 - 0.16) (-0.08 - 0.17) (-0.00 - 0.26) (-0.03 - 0.08) (-0.00 - 0.01)
CB affiliated v avg CB 0.06 0.05 0.08 -0.01 0
(-0.01 - 0.12) (-0.02 - 0.13) (-0.00 - 0.16) (-0.04 - 0.01) (-0.00 - 0.01)
CCNC Scale (10,000s) 0.04 -0.03 0.11 0.06 0
(-0.45 - 0.53) (-0.58 - 0.51) (-0.43 - 0.66) (-0.20 - 0.31) (-0.04 - 0.03)
CCNC Scale^2 -0.22 -0.16 -0.25 -0.12 -0.02
(-0.55 - 0.12) (-0.58 - 0.25) (-0.64 - 0.15) (-0.34 - 0.10) (-0.04 - 0.01)
Years of CCNC experience 0.01 0.01 0.33 0.01 0
(-0.02 - 0.04) (-0.19 - 0.85) (-0.00 - 0.02) (-0.00 - 0.00)
Observations 10976 10976 845 845
By level of experience
Experienced institutional -0.03 -0.03 0.40** 0 0
v less experienced institutuional (-0.26 - 0.20) (-0.24 - 0.19) (0.11 - 0.69) (-0.10 - 0.10) (-0.01 - 0.01)
Experienced CB 0.07 0.08 0.45** 0.04 0.01
v less experienced institutuional (-0.16 - 0.30) (-0.14 - 0.29) (0.16 - 0.73) (-0.04 - 0.13) (-0.00 - 0.02)
Less experienced CB -0.12 -0.13 0.11 -0.04 0
v less experienced institutuional (-0.35 - 0.11) (-0.35 - 0.09) (-0.13 - 0.35) (-0.13 - 0.04) (-0.01 - 0.01)
Experienced CB 1 physician -0.1 -0.10 -0.13 -0.01 -0.01
v avg experienced CB (-0.24 - 0.04) (-0.24 - 0.05) (-0.28 - 0.02) (-0.07 - 0.04) (-0.01 - 0.00)
Experienced CB 2-5 physicians -0.05 -0.06 -0.06 -0.05* 0
v avg experienced CB (-0.17 - 0.06) (-0.17 - 0.05) (-0.18 - 0.06) (-0.10 - -0.01) (-0.01 - 0.00)
Experienced CB 6-10 physicians 0.02 0.03 0.1 0.02 0
v avg experienced CB (-0.14 - 0.17) (-0.12 - 0.18) (-0.06 - 0.26) (-0.04 - 0.09) (-0.01 - 0.01)
Less experienced CB 1 physician -0.12 -0.12 -0.15 -0.02 -0.01
v avg less experienced CB (-0.27 - 0.02) (-0.27 - 0.02) (-0.31 - 0.00) (-0.07 - 0.04) (-0.01 - 0.00)
Less experienced CB 2-5 physicians 0.06 0.06 0.02 0.01 0
v avg less experienced CB (-0.07 - 0.19) (-0.07 - 0.19) (-0.11 - 0.15) (-0.04 - 0.06) (-0.00 - 0.01)
Less experienced CB 6-10 physicians 0.08 0.08 0.17 0.02 0
v avg less experienced CB (-0.13 - 0.28) (-0.15 - 0.3) (-0.06 - 0.41) (-0.06 - 0.11) (-0.01 - 0.01)
Experienced CB affiliated 0.13** 0.14 0.12* 0.03 0.01*
v avg experienced CB (0.04 - 0.23) (0.04 - 0.24) (0.01 - 0.24) (-0.01 - 0.07) (0.00 - 0.01)
Less experienced CB affiliated -0.02 -0.04 0.05 -0.05* 0
v avg less experienced CB (-0.12 - 0.07) (-0.14 - 0.07) (-0.06 - 0.17) (-0.09 - -0.01) (-0.01 - 0.00)
Observations 10976 10976 845 845
*(**) Coefficient is different from zero at 0.05(0.01) level.
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of 
CCNC experience.  Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange 
highlighting denotes that the indivdiual coefficient is statistically significant at 0.05 level.
Individual-level data Practice-level data
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Lipid test
Main Model: 
Logit, 
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional 0.13 0.07 0.30** -0.02 0
(-0.11 - 0.36) (-0.21 - 0.35) (0.13 - 0.48) (-0.07 - 0.04) (-0.02 - 0.03)
CB 1 physician v avg CB -0.13 -0.09 -0.06 0 -0.01
(-0.33 - 0.07) (-0.29 - 0.1) (-0.19 - 0.06) (-0.04 - 0.04) (-0.03 - 0.01)
CB 2-5 physicians v avg CB 0 -0.04 0.02 -0.01 0
(-0.14 - 0.15) (-0.19 - 0.12) (-0.08 - 0.12) (-0.05 - 0.02) (-0.02 - 0.01)
CB 6-10 physicians v avg CB -0.11 -0.02 -0.09 0.01 0
(-0.33 - 0.11) (-0.26 - 0.22) (-0.24 - 0.06) (-0.05 - 0.06) (-0.02 - 0.02)
CB affiliated v avg CB -0.03 -0.02 0.02 0 0
(-0.17 - 0.11) (-0.16 - 0.12) (-0.07 - 0.11) (-0.03 - 0.03) (-0.02 - 0.01)
CCNC Scale (10,000s) 0.93* 0.88 1.12** -0.04 0.04
(0.14 - 1.73) (-0.33 - 2.08) (0.50 - 1.74) (-0.30 - 0.23) (-0.07 - 0.15)
CCNC Scale^2 -0.72** -0.65 -0.94** 0.06 -0.03
(-1.22 - -0.22) (-1.68 - 0.38) (-1.37 - -0.51) (-0.17 - 0.28) (-0.13 - 0.06)
Years of CCNC experience 0.03 0.05 -0.2 0 0
(-0.02 - 0.08) (-0.76 - 0.36) (-0.01 - 0.02) (-0.00 - 0.01)
Observations 10976 10949 845 845
By level of experience
Experienced institutional -0.04 0.08 -0.16 0 0.01
v less experienced institutuional (-0.38 - 0.31) (-0.36 - 0.52) (-0.49 - 0.17) (-0.10 - 0.10) (-0.03 - 0.05)
Experienced CB 0.25 0.25 0.28 0 0.02
v less experienced institutuional (-0.10 - 0.60) (-0.16 - 0.66) (-0.04 - 0.61) (-0.09 - 0.09) (-0.01 - 0.06)
Less experienced CB -0.06 0.00 0.23 -0.02 0
v less experienced institutuional (-0.42 - 0.31) (-0.41 - 0.41) (-0.04 - 0.50) (-0.11 - 0.07) (-0.04 - 0.04)
Experienced CB 1 physician 0.12 0.16 0.19* 0.03 0.01
v avg experienced CB (-0.17 - 0.41) (-0.12 - 0.44) (0.01 - 0.38) (-0.03 - 0.09) (-0.01 - 0.04)
Experienced CB 2-5 physicians -0.13 -0.14 -0.13 -0.02 -0.01
v avg experienced CB (-0.32 - 0.07) (-0.35 - 0.07) (-0.27 - 0.01) (-0.07 - 0.02) (-0.03 - 0.01)
Experienced CB 6-10 physicians -0.34* -0.20 -0.33** -0.02 -0.01
v avg experienced CB (-0.61 - -0.06) (-0.49 - 0.09) (-0.51 - -0.15) (-0.09 - 0.04) (-0.04 - 0.01)
Less experienced CB 1 physician -0.26* -0.23 -0.26** -0.02 -0.02
v avg less experienced CB (-0.52 - -0.01) (-0.49 - 0.03) (-0.43 - -0.08) (-0.07 - 0.04) (-0.04 - 0.00)
Less experienced CB 2-5 physicians 0.07 -0.01 0.06 -0.02 0
v avg less experienced CB (-0.16 - 0.29) (-0.24 - 0.22) (-0.09 - 0.21) (-0.06 - 0.03) (-0.02 - 0.02)
Less experienced CB 6-10 physicians 0.27 0.20 0.38** 0.04 0.02
v avg less experienced CB (-0.04 - 0.57) (-0.21 - 0.62) (0.11 - 0.65) (-0.05 - 0.13) (-0.02 - 0.06)
Experienced CB affiliated 0.06 0.04 0.06 -0.01 0
v avg experienced CB (-0.10 - 0.23) (-0.15 - 0.23) (-0.07 - 0.19) (-0.05 - 0.04) (-0.02 - 0.02)
Less experienced CB affiliated -0.1 -0.04 0.01 0.01 0
v avg less experienced CB (-0.28 - 0.08) (-0.23 - 0.15) (-0.12 - 0.15) (-0.03 - 0.05) (-0.02 - 0.01)
Observations 10976 10949 845 845
*(**) Coefficient is different from zero at 0.05(0.01) level.
Individual-level data Practice-level data
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of 
CCNC experience.  Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange 
highlighting denotes that the indivdiual coefficient is statistically significant at 0.05 level.
 109 
 
 
Attention to nephropathy
Main Model: 
Logit, 
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional -0.47** -0.44 -0.45** -0.09** -0.02**
(-0.68 - -0.25) (-0.68 - -0.2) (-0.65 - -0.24) (-0.14 - -0.03) (-0.04 - -0.01)
CB 1 physician v avg CB -0.05 -0.04 -0.03 -0.01 0
(-0.21 - 0.11) (-0.2 - 0.12) (-0.17 - 0.10) (-0.05 - 0.03) (-0.01 - 0.01)
CB 2-5 physicians v avg CB 0.07 0.05 0.07 0.01 0
(-0.04 - 0.19) (-0.07 - 0.18) (-0.04 - 0.18) (-0.02 - 0.04) (-0.00 - 0.01)
CB 6-10 physicians v avg CB -0.04 0.01 0 0.02 0
(-0.21 - 0.14) (-0.18 - 0.2) (-0.16 - 0.16) (-0.03 - 0.07) (-0.01 - 0.01)
CB affiliated v avg CB 0.07 0.08 0.07 0 0
(-0.05 - 0.18) (-0.04 - 0.19) (-0.03 - 0.17) (-0.03 - 0.03) (-0.00 - 0.01)
CCNC Scale (10,000s) 0.61 0.63 0.58 -0.12 0.01
(-0.25 - 1.47) (-0.32 - 1.57) (-0.14 - 1.30) (-0.37 - 0.13) (-0.05 - 0.06)
CCNC Scale^2 -0.55 -0.58 -0.55* 0.09 0
(-1.19 - 0.09) (-1.35 - 0.18) (-1.07 - -0.04) (-0.13 - 0.30) (-0.05 - 0.04)
Years of CCNC experience -0.03 -0.04 -0.02 -0.01 0
(-0.08 - 0.02) (-0.61 - 0.58) (-0.02 - 0.00) (-0.00 - 0.00)
Observations 10976 10976 845 845
By level of experience
Experienced institutional -0.26 -0.26 -0.09 -0.05 -0.01
v less experienced institutuional (-0.60 - 0.08) (-0.64 - 0.11) (-0.48 - 0.30) (-0.15 - 0.04) (-0.03 - 0.01)
Experienced CB -0.69** -0.65 -0.64** -0.13** -0.03**
v less experienced institutuional (-1.03 - -0.35) (-1.01 - -0.29) (-1.02 - -0.26) (-0.22 - -0.05) (-0.05 - -0.02)
Less experienced CB -0.49** -0.45 -0.31 -0.09* -0.03**
v less experienced institutuional (-0.83 - -0.16) (-0.81 - -0.09) (-0.63 - 0.01) (-0.17 - -0.00) (-0.04 - -0.01)
Experienced CB 1 physician -0.08 -0.03 -0.11 0 0
v avg experienced CB (-0.30 - 0.15) (-0.25 - 0.19) (-0.29 - 0.08) (-0.06 - 0.05) (-0.01 - 0.01)
Experienced CB 2-5 physicians 0.17 0.16 0.18* 0.04 0.01
v avg experienced CB (-0.00 - 0.34) (-0.01 - 0.34) (0.03 - 0.33) (-0.01 - 0.08) (-0.00 - 0.02)
Experienced CB 6-10 physicians -0.04 0.00 -0.01 0.01 0
v avg experienced CB (-0.26 - 0.18) (-0.23 - 0.24) (-0.21 - 0.18) (-0.05 - 0.08) (-0.01 - 0.01)
Less experienced CB 1 physician -0.09 -0.11 -0.07 -0.03 0
v avg less experienced CB (-0.30 - 0.12) (-0.33 - 0.11) (-0.26 - 0.13) (-0.08 - 0.02) (-0.02 - 0.01)
Less experienced CB 2-5 physicians -0.04 -0.09 -0.05 -0.02 0
v avg less experienced CB (-0.20 - 0.12) (-0.28 - 0.1) (-0.22 - 0.11) (-0.07 - 0.02) (-0.01 - 0.00)
Less experienced CB 6-10 physicians 0.01 0.02 0.05 0.04 0
v avg less experienced CB (-0.27 - 0.29) (-0.33 - 0.37) (-0.25 - 0.35) (-0.05 - 0.12) (-0.02 - 0.02)
Experienced CB affiliated 0.03 0.06 0.05 0 0
v avg experienced CB (-0.13 - 0.18) (-0.1 - 0.22) (-0.09 - 0.19) (-0.04 - 0.04) (-0.01 - 0.01)
Less experienced CB affiliated 0.07 0.07 0.07 0 0
v avg less experienced CB (-0.09 - 0.23) (-0.09 - 0.22) (-0.07 - 0.22) (-0.04 - 0.04) (-0.01 - 0.01)
Observations 10976 10976 845 845
*(**) Coefficient is different from zero at 0.05(0.01) level.
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of 
CCNC experience.  Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange 
highlighting denotes that the indivdiual coefficient is statistically significant at 0.05 level.
Individual-level data Practice-level data
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Diabetes emergency room use
Main Model: 
Logit, 
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional -0.29 -0.36 -0.43* -0.01 0
(-0.64 - 0.06) (-0.75 - 0.03) (-0.80 - -0.05) (-0.04 - 0.02) (-0.01 - 0.00)
CB 1 physician v avg CB 0.12 0.13 0.08 0.01 0
(-0.21 - 0.45) (-0.12 - 0.38) (-0.15 - 0.31) (-0.01 - 0.03) (-0.00 - 0.00)
CB 2-5 physicians v avg CB 0.09 0.09 0.15 0.01 0
(-0.17 - 0.35) (-0.1 - 0.29) (-0.04 - 0.34) (-0.01 - 0.03) (-0.00 - 0.00)
CB 6-10 physicians v avg CB -0.02 -0.08 -0.28 -0.02 0
(-0.55 - 0.51) (-0.38 - 0.23) (-0.58 - 0.02) (-0.04 - 0.01) (-0.00 - 0.00)
CB affiliated v avg CB 0.02 0.01 0 -0.01 0
(-0.18 - 0.22) (-0.17 - 0.18) (-0.18 - 0.17) (-0.02 - 0.01) (-0.00 - 0.00)
CCNC Scale (10,000s) 0.11 0.14 0.06 0.03 0
(-0.99 - 1.21) (-1.23 - 1.51) (-1.07 - 1.18) (-0.11 - 0.16) (-0.01 - 0.02)
CCNC Scale^2 -0.04 -0.05 -0.01 0.01 0
(-0.76 - 0.69) (-1.12 - 1.01) (-0.79 - 0.78) (-0.11 - 0.13) (-0.02 - 0.01)
Years of CCNC experience 0 0.00 0.17 0 0
(-0.07 - 0.07) (-0.77 - 1.11) (-0.00 - 0.01) (-0.00 - 0.00)
Observations 10976 10758 845 845
By level of experience
Experienced institutional -0.23 -0.22 0.29 0 0
v less experienced institutuional (-0.59 - 0.13) (-0.71 - 0.27) (-0.31 - 0.88) (-0.05 - 0.05) (-0.01 - 0.01)
Experienced CB -0.44 -0.46 -0.11 0 0
v less experienced institutuional (-0.91 - 0.03) (-0.98 - 0.06) (-0.72 - 0.50) (-0.05 - 0.04) (-0.01 - 0.00)
Less experienced CB -0.62** -0.65 -0.63* -0.03 0
v less experienced institutuional (-1.07 - -0.17) (-1.19 - -0.1) (-1.17 - -0.10) (-0.07 - 0.02) (-0.01 - 0.00)
Experienced CB 1 physician 0.16 0.16 0.04 0 0
v avg experienced CB (-0.31 - 0.63) (-0.17 - 0.49) (-0.26 - 0.35) (-0.03 - 0.03) (-0.00 - 0.01)
Experienced CB 2-5 physicians -0.07 -0.06 0.03 0 0
v avg experienced CB (-0.42 - 0.28) (-0.33 - 0.2) (-0.22 - 0.29) (-0.02 - 0.03) (-0.00 - 0.00)
Experienced CB 6-10 physicians 0.15 0.08 -0.26 -0.01 0
v avg experienced CB (-0.45 - 0.74) (-0.26 - 0.43) (-0.60 - 0.08) (-0.04 - 0.02) (-0.00 - 0.01)
Less experienced CB 1 physician 0.43** 0.41 0.29 0.03 0
v avg less experienced CB (0.10 - 0.75) (0.03 - 0.78) (-0.08 - 0.66) (-0.00 - 0.06) (-0.00 - 0.01)
Less experienced CB 2-5 physicians 0.48** 0.44 0.43* 0.02 0
v avg less experienced CB (0.20 - 0.75) (0.11 - 0.78) (0.10 - 0.75) (-0.00 - 0.05) (-0.00 - 0.01)
Less experienced CB 6-10 physicians -0.62* -0.60 -0.38 -0.03 -0.01
v avg less experienced CB (-1.11 - -0.13) (-1.27 - 0.07) (-1.04 - 0.28) (-0.08 - 0.02) (-0.01 - 0.00)
Experienced CB affiliated -0.19 -0.18 -0.16 -0.01 0
v avg experienced CB (-0.45 - 0.08) (-0.44 - 0.07) (-0.41 - 0.09) (-0.03 - 0.01) (-0.01 - 0.00)
Less experienced CB affiliated 0.2 0.19 0.15 -0.01 0
v avg less experienced CB (-0.03 - 0.43) (-0.05 - 0.42) (-0.09 - 0.38) (-0.03 - 0.02) (-0.00 - 0.00)
Observations 10976 10758 845 845
*(**) Coefficient is different from zero at 0.05(0.01) level.
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of 
CCNC experience.  Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange 
highlighting denotes that the indivdiual coefficient is statistically significant at 0.05 level.
Individual-level data Practice-level data
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Diabetes hospital use
Main Model: 
Logit, 
cluster SEs
LPM,
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional -0.23 -0.01 -0.24 -0.27 -0.03 -0.00**
(-0.58 - 0.12) (-0.02 - 0.01) (-0.59 - 0.11) (-0.66 - 0.11) (-0.05 - 0.00) (-0.00 - -0.00)
CB 1 physician v avg CB 0.25 0.01 0.26 0.28 0.01 0
(-0.01 - 0.51) (-0.00 - 0.02) (-0.01 - 0.53) (-0.01 - 0.57) (-0.01 - 0.03) (-0.00 - 0.00)
CB 2-5 physicians v avg CB 0.26** 0.01* 0.26 0.26* 0.01 0.00**
(0.07 - 0.46) (0.00 - 0.01) (0.05 - 0.47) (0.03 - 0.49) (-0.00 - 0.03) (0.00 - 0.00)
CB 6-10 physicians v avg CB -0.06 0 -0.05 -0.1 0 0
(-0.39 - 0.27) (-0.01 - 0.01) (-0.38 - 0.27) (-0.46 - 0.26) (-0.03 - 0.02) (-0.00 - 0.00)
CB affiliated v avg CB -0.09 0 -0.10 -0.09 -0.01 0
(-0.27 - 0.08) (-0.01 - 0.00) (-0.28 - 0.09) (-0.29 - 0.11) (-0.02 - 0.01) (-0.00 - 0.00)
CCNC Scale (10,000s) -0.41 -0.02 -0.45 -0.47 0.02 0
(-1.57 - 0.76) (-0.06 - 0.03) (-1.66 - 0.75) (-1.78 - 0.83) (-0.11 - 0.15) (-0.00 - 0.00)
CCNC Scale^2 0.51 0.03 0.54 0.43 0.04 0.00**
(-0.28 - 1.30) (-0.00 - 0.05) (-0.29 - 1.38) (-0.45 - 1.32) (-0.07 - 0.14) (0.00 - 0.00)
Years of CCNC experience 0 0 0.00 1.22 0 0
(-0.07 - 0.07) (-0.00 - 0.00) (-0.26 - 2.69) (-0.00 - 0.01) (-0.00 - 0.00)
Observations 10976 10976 10529 845 845
By level of experience
Experienced institutional 0.56 0.02 0.55 0.64 0.03 0.00**
v less experienced institutuional (-0.03 - 1.14) (-0.00 - 0.04) (0.02 - 1.09) (-0.09 - 1.37) (-0.02 - 0.07) (0.00 - 0.00)
Experienced CB 0.14 0 0.13 0.23 -0.01 0
v less experienced institutuional (-0.47 - 0.75) (-0.01 - 0.02) (-0.43 - 0.69) (-0.50 - 0.97) (-0.06 - 0.03) (-0.00 - 0.00)
Less experienced CB -0.17 0 -0.19 -0.22 -0.01 0
v less experienced institutuional (-0.88 - 0.54) (-0.02 - 0.02) (-0.85 - 0.47) (-0.94 - 0.50) (-0.06 - 0.03) (-0.00 - 0.00)
Experienced CB 1 physician 0.1 0 0.11 0.13 0 0
v avg experienced CB (-0.24 - 0.45) (-0.01 - 0.01) (-0.26 - 0.47) (-0.27 - 0.53) (-0.03 - 0.03) (-0.00 - 0.00)
Experienced CB 2-5 physicians 0.12 0 0.12 0.13 0 0
v avg experienced CB (-0.14 - 0.38) (-0.01 - 0.01) (-0.16 - 0.39) (-0.18 - 0.44) (-0.02 - 0.03) (-0.00 - 0.00)
Experienced CB 6-10 physicians 0.07 0 0.08 0.07 0.01 0
v avg experienced CB (-0.31 - 0.46) (-0.01 - 0.02) (-0.3 - 0.46) (-0.34 - 0.49) (-0.02 - 0.04) (-0.00 - 0.00)
Less experienced CB 1 physician 0.67** 0.01* 0.67 0.62* 0.02 0.00*
v avg less experienced CB (0.19 - 1.14) (0.00 - 0.03) (0.19 - 1.16) (0.10 - 1.14) (-0.01 - 0.04) (0.00 - 0.00)
Less experienced CB 2-5 physicians 0.70** 0.02** 0.70 0.62* 0.03* 0.00**
v avg less experienced CB (0.27 - 1.13) (0.01 - 0.03) (0.25 - 1.15) (0.14 - 1.09) (0.00 - 0.05) (0.00 - 0.00)
Less experienced CB 6-10 physicians -0.16 -0.01 -0.16 -0.31 -0.02 0
v avg less experienced CB (-0.84 - 0.52) (-0.03 - 0.00) (-0.89 - 0.57) (-1.09 - 0.47) (-0.07 - 0.02) (-0.00 - 0.00)
Experienced CB affiliated -0.18 -0.01* -0.18 -0.12 -0.01 0
v avg experienced CB (-0.40 - 0.03) (-0.02 - -0.00) (-0.44 - 0.07) (-0.41 - 0.16) (-0.03 - 0.01) (-0.00 - 0.00)
Less experienced CB affiliated 0.01 0 0.00 -0.01 0 0
v avg less experienced CB (-0.25 - 0.26) (-0.01 - 0.01) (-0.25 - 0.25) (-0.29 - 0.27) (-0.02 - 0.02) (-0.00 - 0.00)
Observations 10976 10976 10529 845 845
*(**) Coefficient is different from zero at 0.05(0.01) level.
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of CCNC experience.  
Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange highlighting denotes that the indivdiual 
coefficient is statistically significant at 0.05 level.
Individual-level data Practice-level data
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Asthma emergency room use
Main Model: 
Logit, 
cluster SEs
LPM,
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional -0.48** -0.08** -0.50 -0.46** -0.12** -0.05**
(-0.67 - -0.29) (-0.12 - -0.05) (-0.69 - -0.31) (-0.59 - -0.33) (-0.17 - -0.07) (-0.06 - -0.03)
CB 1 physician v avg CB 0.12 0.02 0.17 0.19** 0.04* 0.02**
(-0.04 - 0.28) (-0.00 - 0.04) (0.04 - 0.31) (0.10 - 0.29) (0.01 - 0.07) (0.01 - 0.03)
CB 2-5 physicians v avg CB 0.10* 0.01 0.03 0.07* -0.01 0
(0.00 - 0.20) (-0.00 - 0.03) (-0.07 - 0.14) (0.00 - 0.13) (-0.04 - 0.02) (-0.01 - 0.01)
CB 6-10 physicians v avg CB -0.19** -0.03** -0.17 -0.19** -0.02 -0.02**
(-0.31 - -0.07) (-0.04 - -0.01) (-0.3 - -0.04) (-0.27 - -0.10) (-0.06 - 0.01) (-0.03 - -0.01)
CB affiliated v avg CB 0.02 0 0.02 0 0.02 0
(-0.07 - 0.10) (-0.01 - 0.01) (-0.08 - 0.12) (-0.07 - 0.07) (-0.00 - 0.04) (-0.00 - 0.01)
CCNC Scale (10,000s) 0.60* 0.11** 1.00 0.69** 0.22* 0.16**
(0.07 - 1.13) (0.03 - 0.19) (0.33 - 1.67) (0.28 - 1.10) (0.02 - 0.42) (0.10 - 0.22)
CCNC Scale^2 -0.19 -0.04 -0.41 -0.23 -0.11 -0.07**
(-0.52 - 0.14) (-0.09 - 0.01) (-0.92 - 0.1) (-0.53 - 0.07) (-0.28 - 0.06) (-0.12 - -0.02)
Years of CCNC experience 0 0 -0.01 0.02 -0.01 0
(-0.04 - 0.03) (-0.01 - 0.00) (-0.59 - 0.62) (-0.01 - 0.00) (-0.00 - 0.00)
Observations 29693 29693 29690 818 818
By level of experience
Experienced institutional -0.09 -0.01 0.00 -0.27* -0.04 0.01
v less experienced institutuional (-0.41 - 0.23) (-0.08 - 0.05) (-0.32 - 0.32) (-0.53 - -0.01) (-0.12 - 0.04) (-0.01 - 0.03)
Experienced CB -0.49** -0.09** -0.48 -0.65** -0.15** -0.04**
v less experienced institutuional (-0.79 - -0.20) (-0.14 - -0.03) (-0.78 - -0.18) (-0.91 - -0.39) (-0.22 - -0.08) (-0.06 - -0.02)
Less experienced CB -0.68** -0.11** -0.59 -0.76** -0.15** -0.04**
v less experienced institutuional (-0.98 - -0.38) (-0.16 - -0.05) (-0.9 - -0.29) (-0.99 - -0.53) (-0.22 - -0.08) (-0.06 - -0.02)
Experienced CB 1 physician 0.14 0.02 0.11 0.23** 0 0.01*
v avg experienced CB (-0.09 - 0.37) (-0.01 - 0.05) (-0.11 - 0.33) (0.07 - 0.39) (-0.05 - 0.04) (0.00 - 0.03)
Experienced CB 2-5 physicians 0.08 0.01 0.02 0 0 0
v avg experienced CB (-0.05 - 0.21) (-0.01 - 0.03) (-0.11 - 0.16) (-0.09 - 0.09) (-0.04 - 0.03) (-0.01 - 0.01)
Experienced CB 6-10 physicians -0.13 -0.02* -0.10 -0.16** 0 -0.01
v avg experienced CB (-0.26 - 0.00) (-0.03 - -0.00) (-0.26 - 0.07) (-0.26 - -0.05) (-0.05 - 0.05) (-0.03 - 0.00)
Less experienced CB 1 physician 0.19 0.03 0.25 0.24** 0.07** 0.02**
v avg less experienced CB (-0.02 - 0.40) (-0.00 - 0.06) (0.07 - 0.42) (0.11 - 0.37) (0.03 - 0.11) (0.01 - 0.03)
Less experienced CB 2-5 physicians 0.20* 0.03* 0.10 0.20** 0 0
v avg less experienced CB (0.02 - 0.38) (0.00 - 0.05) (-0.06 - 0.26) (0.09 - 0.31) (-0.04 - 0.04) (-0.01 - 0.02)
Less experienced CB 6-10 physicians -0.44** -0.06** -0.33 -0.32** -0.05 -0.02*
v avg less experienced CB (-0.72 - -0.17) (-0.09 - -0.03) (-0.57 - -0.1) (-0.48 - -0.16) (-0.11 - 0.01) (-0.04 - -0.00)
Experienced CB affiliated 0.01 0 0.02 -0.01 0 0
v avg experienced CB (-0.10 - 0.12) (-0.01 - 0.01) (-0.1 - 0.15) (-0.10 - 0.07) (-0.03 - 0.04) (-0.01 - 0.01)
Less experienced CB affiliated -0.01 0 -0.02 -0.05 0.03 0
v avg less experienced CB (-0.15 - 0.12) (-0.02 - 0.02) (-0.17 - 0.13) (-0.18 - 0.07) (-0.00 - 0.06) (-0.01 - 0.01)
Observations 29693 29693 29690 818 818
*(**) Coefficient is different from zero at 0.05(0.01) level.
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of CCNC experience.  
Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange highlighting denotes that the indivdiual 
coefficient is statistically significant at 0.05 level.
Individual-level data Practice-level data
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Asthma hospital room use
Main Model: 
Logit, 
cluster SEs
LPM,
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional -0.19 -0.01 -0.12 -0.26 -0.01 0
(-0.50 - 0.12) (-0.02 - 0.00) (-0.45 - 0.21) (-0.57 - 0.04) (-0.03 - 0.01) (-0.00 - 0.00)
CB 1 physician v avg CB 0.05 0 0.07 0.24* 0.01 0
(-0.23 - 0.34) (-0.01 - 0.01) (-0.17 - 0.32) (0.01 - 0.47) (-0.00 - 0.02) (-0.00 - 0.00)
CB 2-5 physicians v avg CB 0.04 0 0.01 -0.01 0 0
(-0.13 - 0.21) (-0.00 - 0.01) (-0.16 - 0.17) (-0.17 - 0.15) (-0.01 - 0.01) (-0.00 - 0.00)
CB 6-10 physicians v avg CB -0.02 0 -0.01 -0.01 0 0
(-0.20 - 0.16) (-0.01 - 0.00) (-0.21 - 0.19) (-0.20 - 0.17) (-0.02 - 0.01) (-0.00 - 0.00)
CB affiliated v avg CB 0.11 0 0.12 0.04 0 0
(-0.04 - 0.26) (-0.00 - 0.01) (-0.05 - 0.29) (-0.13 - 0.20) (-0.01 - 0.01) (-0.00 - 0.00)
CCNC Scale (10,000s) 0.94* 0.03* 1.21 1.40** 0.05 0.02**
(0.10 - 1.78) (0.01 - 0.06) (0.23 - 2.19) (0.46 - 2.33) (-0.04 - 0.14) (0.02 - 0.03)
CCNC Scale^2 -0.23 -0.01 -0.35 -0.67* -0.02 -0.01
(-0.73 - 0.28) (-0.02 - 0.01) (-1.02 - 0.31) (-1.33 - -0.01) (-0.09 - 0.06) (-0.01 - 0.00)
Years of CCNC experience -0.03 0 -0.03 1.15** 0 0
(-0.09 - 0.04) (-0.00 - 0.00) (0.60 - 1.70) (-0.00 - 0.00) (-0.00 - 0.00)
Observations 29693 29693 29013 818 818
By level of experience
Experienced institutional 0.23 0.01 0.24 0.59 0.02 0
v less experienced institutuional (-0.31 - 0.77) (-0.01 - 0.03) (-0.3 - 0.79) (-0.01 - 1.20) (-0.01 - 0.06) (-0.00 - 0.01)
Experienced CB -0.01 0 0.00 0.21 -0.01 0
v less experienced institutuional (-0.57 - 0.54) (-0.02 - 0.02) (-0.55 - 0.54) (-0.40 - 0.82) (-0.04 - 0.02) (-0.00 - 0.00)
Less experienced CB 0.12 0 0.15 0.2 0 0
v less experienced institutuional (-0.41 - 0.66) (-0.01 - 0.02) (-0.38 - 0.68) (-0.36 - 0.76) (-0.03 - 0.03) (-0.00 - 0.00)
Experienced CB 1 physician 0.02 0 -0.03 0.09 -0.01 0
v avg experienced CB (-0.38 - 0.42) (-0.01 - 0.01) (-0.42 - 0.37) (-0.30 - 0.48) (-0.03 - 0.01) (-0.00 - 0.00)
Experienced CB 2-5 physicians 0.14 0 0.09 0.04 0.01 0
v avg experienced CB (-0.08 - 0.35) (-0.00 - 0.01) (-0.13 - 0.32) (-0.17 - 0.26) (-0.01 - 0.02) (-0.00 - 0.00)
Experienced CB 6-10 physicians 0.06 0 0.11 0.13 0 0
v avg experienced CB (-0.13 - 0.26) (-0.00 - 0.01) (-0.13 - 0.35) (-0.10 - 0.36) (-0.02 - 0.02) (-0.00 - 0.00)
Less experienced CB 1 physician 0.02 0 0.08 0.26 0.02 0
v avg less experienced CB (-0.34 - 0.37) (-0.01 - 0.01) (-0.22 - 0.38) (-0.04 - 0.55) (-0.00 - 0.03) (-0.00 - 0.00)
Less experienced CB 2-5 physicians -0.13 0 -0.09 -0.12 0 0
v avg less experienced CB (-0.41 - 0.15) (-0.01 - 0.00) (-0.35 - 0.16) (-0.39 - 0.15) (-0.02 - 0.01) (-0.00 - 0.00)
Less experienced CB 6-10 physicians -0.31 -0.01 -0.30 -0.23 -0.01 0
v avg less experienced CB (-0.74 - 0.12) (-0.02 - 0.00) (-0.69 - 0.08) (-0.61 - 0.14) (-0.04 - 0.01) (-0.00 - 0.00)
Experienced CB affiliated 0.08 0 0.08 -0.03 0 0
v avg experienced CB (-0.08 - 0.24) (-0.00 - 0.01) (-0.12 - 0.28) (-0.22 - 0.16) (-0.02 - 0.01) (-0.00 - 0.00)
Less experienced CB affiliated 0.24 0.01 0.21 0.25 0 0
v avg less experienced CB (-0.00 - 0.49) (-0.00 - 0.01) (-0.04 - 0.45) (-0.03 - 0.53) (-0.02 - 0.01) (-0.00 - 0.00)
Observations 29693 29693 29013 818 818
*(**) Coefficient is different from zero at 0.05(0.01) level.
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of CCNC experience.  
Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange highlighting denotes that the indivdiual 
coefficient is statistically significant at 0.05 level.
Individual-level data Practice-level data
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Beta agonist overuse
Main Model: 
Logit, 
cluster SEs
LPM,
cluster SEs
Logit, 
practice random 
effects
Logit, 
county fixed 
effects
OLS, 
Unadjusted rate 
as outcome var
OLS,
Adjusted rate as 
outcome var
Average effects
CB v institutuional 0.01 0 0.01 0.03 0.01 0
(-0.26 - 0.29) (-0.01 - 0.01) (-0.25 - 0.28) (-0.22 - 0.28) (-0.02 - 0.04) (-0.00 - 0.00)
CB 1 physician v avg CB -0.04 0 -0.04 -0.05 0 0
(-0.24 - 0.16) (-0.01 - 0.01) (-0.24 - 0.16) (-0.25 - 0.15) (-0.01 - 0.02) (-0.00 - 0.00)
CB 2-5 physicians v avg CB -0.06 0 -0.07 -0.13 0 0
(-0.19 - 0.07) (-0.01 - 0.00) (-0.21 - 0.06) (-0.27 - 0.01) (-0.01 - 0.02) (-0.00 - 0.00)
CB 6-10 physicians v avg CB 0.02 0 0.04 0.07 0 0
(-0.12 - 0.17) (-0.00 - 0.01) (-0.12 - 0.21) (-0.09 - 0.23) (-0.03 - 0.02) (-0.00 - 0.00)
CB affiliated v avg CB 0.07 0 0.06 -0.02 0 0
(-0.05 - 0.20) (-0.00 - 0.01) (-0.07 - 0.2) (-0.15 - 0.12) (-0.01 - 0.01) (-0.00 - 0.00)
CCNC Scale (10,000s) -0.02 0 -0.09 0.51 -0.07 0.01*
(-0.81 - 0.77) (-0.03 - 0.02) (-0.92 - 0.73) (-0.37 - 1.39) (-0.19 - 0.06) (0.00 - 0.01)
CCNC Scale^2 -0.14 0 -0.07 -0.53 0.05 -0.01
(-0.60 - 0.32) (-0.02 - 0.01) (-0.64 - 0.51) (-1.17 - 0.11) (-0.06 - 0.15) (-0.01 - 0.00)
Years of CCNC experience 0.01 0 0.00 -0.13 0 0
(-0.04 - 0.05) (-0.00 - 0.00) (-1.16 - 0.89) (-0.01 - 0.00) (-0.00 - 0.00)
Observations 29693 29693 29281 818 818
By level of experience
Experienced institutional 0.59* 0.02* 0.55 0.95** 0 0.00*
v less experienced institutuional (0.09 - 1.08) (0.00 - 0.04) (0.06 - 1.03) (0.36 - 1.53) (-0.05 - 0.04) (0.00 - 0.01)
Experienced CB 0.48* 0.02* 0.42 0.77** 0 0
v less experienced institutuional (0.01 - 0.94) (0.00 - 0.03) (-0.04 - 0.89) (0.20 - 1.35) (-0.04 - 0.04) (-0.00 - 0.00)
Less experienced CB 0.33 0.01 0.32 0.63* 0.02 0
v less experienced institutuional (-0.13 - 0.80) (-0.00 - 0.03) (-0.15 - 0.78) (0.10 - 1.15) (-0.02 - 0.06) (-0.00 - 0.00)
Experienced CB 1 physician -0.07 0 -0.09 -0.07 0 0
v avg experienced CB (-0.39 - 0.24) (-0.01 - 0.01) (-0.4 - 0.22) (-0.38 - 0.24) (-0.03 - 0.02) (-0.00 - 0.00)
Experienced CB 2-5 physicians -0.02 0 -0.04 -0.14 0.01 0
v avg experienced CB (-0.21 - 0.16) (-0.01 - 0.01) (-0.22 - 0.14) (-0.32 - 0.05) (-0.01 - 0.03) (-0.00 - 0.00)
Experienced CB 6-10 physicians -0.01 0 0.01 0.05 0.01 0
v avg experienced CB (-0.20 - 0.17) (-0.01 - 0.01) (-0.19 - 0.21) (-0.15 - 0.24) (-0.02 - 0.04) (-0.00 - 0.00)
Less experienced CB 1 physician -0.06 0 -0.04 -0.06 0.01 0
v avg less experienced CB (-0.32 - 0.20) (-0.01 - 0.01) (-0.3 - 0.21) (-0.33 - 0.21) (-0.02 - 0.03) (-0.00 - 0.00)
Less experienced CB 2-5 physicians -0.12 0 -0.12 -0.13 0 0
v avg less experienced CB (-0.33 - 0.09) (-0.01 - 0.00) (-0.34 - 0.1) (-0.37 - 0.10) (-0.03 - 0.02) (-0.00 - 0.00)
Less experienced CB 6-10 physicians 0.18 0.01 0.17 0.22 -0.02 0
v avg less experienced CB (-0.05 - 0.41) (-0.00 - 0.01) (-0.13 - 0.48) (-0.09 - 0.52) (-0.06 - 0.01) (-0.00 - 0.00)
Experienced CB affiliated 0.13 0 0.12 0.04 -0.01 0
v avg experienced CB (-0.02 - 0.28) (-0.00 - 0.01) (-0.05 - 0.28) (-0.12 - 0.20) (-0.03 - 0.01) (-0.00 - 0.00)
Less experienced CB affiliated 0.03 0 0.02 0 0.01 0
v avg less experienced CB (-0.18 - 0.23) (-0.01 - 0.01) (-0.19 - 0.22) (-0.23 - 0.23) (-0.01 - 0.02) (-0.00 - 0.00)
Observations 29693 29693 29281 818 818
*(**) Coefficient is different from zero at 0.05(0.01) level.
Notes: CB is community-based practice.  "Experienced" is 5 or more years of CCNC experience; "less experienced" is less than 5 years of CCNC experience.  
Blue highlighting denotes that the construct is statistically significant at 0.05 level, F-test of joint significance. Orange highlighting denotes that the indivdiual 
coefficient is statistically significant at 0.05 level.
Individual-level data Practice-level data
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